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(57) Abstract 

Virus virions defective in F gene are successfully collected by using a Sendai virus genomic cDNA with deletion of F gene. Further, 
infectious viral particles defective in F gene are successfully constructed by using F-expression cells as helper cells. Also, virus virions 
defective in F gene and HN gene are successfully collected by using a virus genomic cDNA with deletion of both of F gene and HN gene. 
Further, infectious viral particles defective in F gene and HN gene are successfully produced by using F- and HN-expression cells as helper 
cells. A virus being defective in F gene and HN gene and having F protein is constructed by using F-expression cells as helper cells. 
Further, a VSV-G pseudo type virus is successfully constructed by using VSV-G-expression cells. Techniques for constructing these 
defective viruses contribute to the development of vectors of Paramyxoviridae usable in gene therapy. 
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mmm 

mwMm 

~f Z> (Lamb, R. A. & Kolakof sky,D. , Paramyxoviridae: the viruses and their 
replication, in Fields Virology, 3rd edn, (Edited by B.N. Fields, D.M. Knipe 
& P.P Howley) pp. 1177-1204(Philadelphia, Lippincott-Raven. (1996)) 0 dti 

ibonmt Lxmtzte^z #u >^^;b^Hsv£^— xizmmznxio 

T©jft^zK^>vi- 'J^y (Roberts, A. & Rose, J.,K., Virology 

247,1-6 (1998); Rose, J., Proc. Natl. Acad. Sci. USA 94, 14998-15000 (1996); 
Palese, P. et. al., Proc. Natl. Acad. Sci. USA 93, 11354-11358 (1996) ) Q 
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, DNA<W;i/X, ^fcfiX^XlIRNA^-f ;i/X^^ — < S&£$gofr>© 

W^foTl^o fffl^y Ag;fc&T>^V Attjfifg^mRNAi: LTtettl^ 

)i 7s © rna v ; a % t > ^ ^ y a & m iz u * : m $ > j*? m m. ^ ( 

r ibonucleoprote in complex; RNP) (DBXWfeL, XfiRNA^-r 

5J;^^ mRNAs^^g^f ^ 7^ ^© ^' y a rnak: ; \ ^ y u ^xlt^va ©rnp^\© 

4JlXte&m ©RNA# >; ^ =7 — fef £ £p o T & 1) N RNP&-&# £ tat^^JM 

mRNA©$g^ s fe ^ -r ;i/ x $v a ©&§jf £ fT a o ^^-r ^ £ c ^ (3 ^ >r ^ x ikrna 

(nsRNA) OJJlXtem^MJ&CDmmW-ecDfrmML, DNA!7:c— X£j$fc&^& 

(integration^^:: £>&t^ 0 S(3&RNAIr1±©*@[5]|;!«^ 
X & lf,<ft ^ ti X V> & ^ o Z tl h ©ttfftt V >T ± X IIRNA ;i/ X ©itl5^l§SI^ Z 

*^B^# £ * ^ -f XIIRNA^ -Y Jl XCDtpX & -te > V *y J 11 X ( Sendai 
virus; SeV) t?iiU^; 0 SeVki:##gi5§y v^xil RNA >j7 ^ ;i/ x T\ 
^V^-ObX (paramyxovirus) JzjSl^ murine parainfluenza virus©— MX& 

■7^.— -tf (hemagglutinin-neuraminidase; HN) <h 7 a. — is a >7\°^7ji[ ( 
fusion protein; F) ^ltSi«|i;gf, Mife^^^BC $JW£g# 
©RNA^U * — M £ ^ l/t7Dr^ > (RNP) it-^f*©ff$^#^^SRNA 

#V A&fflUI&gKli&ffi U ^;i/X©mRNA©iffc^;&£^V ^©iSS^^fTd 

(Bitzer, M. et al., J. Virol. 71 (7): 5481-5486, 1997) Q ^^;i/^ai>^D — 
XgfiSFttrSf£©M^fuIg®6 (F 0 ) tisX&ffitsti, h Vzr*s>lz£Z# > 
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sV7Wfrffl (proteolytic cleavage) X Fl t F2 lzffi$l£tl (Kido, H. et al., 
Biopolyraers (Peptide Science) 51(1 ) :79-86, 1999), 7§'I4MII fllii^D JHi& 

fzs ^tfmnWi (Z strain) &^g|£nT:fe <3 , Sit±^fe5tfoiii:?tL 
d © «fc O £ > v ^ X fJIRNA ^ -f ;i/ * tetaHS^ A-< * * — £ b X & < * 

£.mco <yj jix m^.m it x.m z^tz tzmm &<{)vx & a«^m-t s si^'Mf 
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WiXtgmLtz^ v b(Dn^m^ primitive^ ^©lM#$fflJ©s b 

^Kmmsev^z # —itmmi-tzmMx trntm-M < mwamzfr-D^tjizmfc^- 

&ftM.L.-t>¥4 04 iixcDFm&tex vMm ^m^mm-t^ mm%x mm^ o 
j jixm^zmiUT zjsm&mALLtzo &tz, <z©sev^^ — cdna& s ¥%mm 

mfc^Kms ztzmMMfc^Kmsfy acona*^, -\;wi— M&*ijfflb-tf« 
ts^fi ^ ^ ;i/ x <d 0 jr \z mm i,tzz.h\±, oj jixoimntz mm. & 

n^xm^xM<^mi^-^mmmz%m i -r^mts^m^x\^o ^^\z, m 

t>4 )]y^(Di^m^^±izm< \,tz^±'\i(Dm^^^ $-X&Z>Z\£-hmWLtz 

o 

RNA 0 4 )l 7 Xte V J A <D£fe&<Dfflm&mffi £ tin 3 #\ SeV^ Z $ — \Z «fc £ 

£*it\ mAmmmfc^*mMmizm^r%7£iz&mT%mfi^£tLX\,^z> an, 

D. et al. Genes cells 2, 457-466 (1997)) 0 ^© v>f ^X^EM^^;* I/7'J 
3 — bfc^£ ^7— g56t^J5Klij bt^S^^r 7m (positive- 
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strand) RNA^-f ;i/ A U 4 (Semi iki forest virus) £fz 

Ftr^^'f;^ (Sindbis viruses) © U 7*U 3 >£^— bfc^-f 

<fc£2»A3te^©-9--f Xg;£te;W^-v>^"©il$m (flexibility) &£t£fl 

< 4kbp^T > a»AqTtgTfe S tllAlt^ X#*A# < 

kit[^'ffi©primitive^B^^t)#A^ti§<Z ^^r0|f,bTV^^C hfr^ ZCD^P 

^ — ^ t je ^ ifi^siifflfi m&ft-zfom mm (Dm^t # - i^tt <o m& z t 
Mb^^ctdtKS^tife^^^v^^^ta^t^ (-) ii-^HRNA 

, iScfctJf (b) |£ (-) fI-*i|RNAh^-r?)^>^^Ms 

(2) (-) H-^liRNA^NP^ >/^M^ P*W^M, 
3, ( 1 ) fcIB«©^*-, 

(3) (-) H-*liRNA^^ie3Mb^^ c fcd^B^^^n}fei>^D-r^ 

H©'J>&< — o^^tf, (l) £fcfcj: (2) izmmcD^??-, 
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(4) vsv-G^ w^ff (l) (3) 

(5) (-) it -*fIRNA^-fe »j7^;i/^t3Efi*^^, ( 1) (4) ©i>-r 

(6) (-) tB-#8iRNA#<* ^iz^MB,^^— K btl^, (1) (5) 

(7) ( 1 ) fr£ (6) ©^-rn^^lBt^^^^^-t'-a^ti^ (-) il-MIRNA 

s & & ^ commm & ^ - k t & dna, 

(8) (i) (6) ©^-rn*^3S3«©^^^-©^B^^-efeo-r, 

tefe^^nfc^^ ^v>^;^ti*t§ (-) si— *^RNA*fc 

O) (i) (6) ®^-rn^('8B«4©^^^-©M^^-e$.oTs 

do) x^m (b) iz&tf&mm&tgMfiK =c->^u-7°$ ynznitmM-rz 
mMhcDPkmm-z&z, (8) o) j;:sb«©^^ 

(11) xi(b) (3^(t^$B3IS©^#^43^T, MJ3&^ ^>^P--7°^> 
^^IWt^ffl^iiUSMff^ (8) (9) lz^m<D^m, 

(12) «^|g^-rs^>^n-r^>y^H(Z)'i>^< lo# N fusB (- 
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t& l ohlsJ-^afc^ (8) frh (11) (D\^-ftift\z.mm(Dj3^ 

(1 3 )W* s fgiI-r^^>^n — 79 yj^tm(D>Pt£ < t& 1 -o^VSV-G^ >^ 
^Jf-£fe§, (8) fr£ (12) tlM-IBm©^, iCMir^o 

to ©^^^ £ ^ y >r — z? > ^ u -Y ^ * *4 ^ £ Ji 1" o 

Sfcs ^7^V)^;V^I4^^^^0 r NP, P. M, F, HN, i3«fctJ«L3»e?j 

l/Xtn^^;^I N P/C/V M F HN - L 
il/7 7^^Ml N P/V M F HN (SH) L 

•€-tf U C7>f;V^« N P/C/V M F H - L 
#|J x. ttV^ * ^ V r> ;P X 14 ( Paramyxoviridae ) ffil/XlfD^iM ( 
Respirovirus) tz^^ft-S-fe ^-T ^Xffi^&jliS^O^^iH^J©^— 

— XCDT^-b: y ->3 >#-^tt, NPjgfE^tCO^Tte: M29343, M30202, M30203, 
M30204, M51331, M55565, M69046, X17218, Pfcfe^fco^T ii M30202, M30203, 
M30204, M55565, M69046, X00583, X17007, X17008, MijE?to^tli D11446, 
K02742, M30202, M30203, M30204, M69046, U31956, X00584, X53056, FMfc^l' 
oi^Tte D00152, D11446, D17334, D17335, M30202, M30203, M30204, M69046, 
X00152, X0213K HNjUS^fco^Tte D26475, M12397, M30202, M30203, M30204, 
M69046, X00586, X02808, X5613K Utfs^RZO WC It D00053, M30202, M30203, 
M30204, M69040, X00587, X58886£#M© 3 ho 

mitts ^>-<d— rjfie^nM©^^ ^ ^ v^-r jix^p^-izm-? 
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3o u^-r^^^^^— (is < t o©ji>^d— y$ w^fSMi 

h^ti^t^o * ^ y fW^ii, — Ian, ^>^P-^©rt^(3RNA^^ 
W^Rft^ ft (U#7^Ut7'Df^>; RNP) ^t^^So RNP^ 

^tl&RNAii^v ^V^^MC^VAtfe^ (-) lit (^tf^-f © — 

-D(Dx.yy<u — 7$ >;^H£fg31Lft^£a(3&^£tifc^ Xtvt>4)\/7> 
(3S*f§ (-) II-*IIRNAs *5«fct>- (b) (-) ii-*iiRNAh^-r^^ 

£*g£-r5* ws^sc*:^ i£ (-) m~*mMAtmm$>£XF/£fztemmzm 

1£ (-) ll-*iSRNAi:it^-#:^?f^-r^^>/^®© l i^&Boo -mz 
> ^ ^ v -j7-r;i/^© (-) II— *:||rna (f y arna) fzfis np^w^Ks p 

^W^fCs *5J;^L^ >;^f^btl^o d©RNP(;:^£tl3RNA^^ )l 
7,>f J A(D&m3o£.T$W.M(Dfz&(DmMtteZ> (Lamb, R.A., and D. Kolakof sky, 
1996, Paramyxoviridae : The viruses and their replication, pp. 1177-1204. In 
Fields Virology, 3rd edn. Fields, B. N., D. M. Knipe, and P. M. Howley et 
al. (ed.), Raven Press, New York, N. Y.) Q ^.%^(D^^mz\±^ ;1^^V 

^7^v^7^;i/x© (-) m-*mMAizz\ti<^(D$ y>\>7% (NP N Ps &£Z?L 
^W^I) LfcRNP£^t?&©^fe£ 0 W<i ;i/^©RNP 
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mm^m^it (rnp) iz^£n%RM%mm-tz>mti%:m-fz ) &(D-e&z>o 

iy4J\s7,s<7&~*(D (-) fji-MIRNAy:, ftM^^Ji, NP^W^R, P# 

-k>¥-( V J JIT, (Sendai virus; SeV) ©±§£\ ^ -f A+M 

^-^f P M (?MJ'^X), F (7 j. — ^3 >), HN (av^ 

^hnsi^©^ & ^ji lti^ oRwcommz it z ti h (Dm a I ^ tz 

NP, P N ^cfctFL^ >^^M©#ffiTTCCD^rV ARM (zKi^ tzit* 

7*m) ^^tsctci^ ^^©RNP^i^-rsc: t&~egz> 0 m 

(Dj&mt, MZl£LLC-M2Mm-&t''£fftD J &Z>Z- tib^^^o NP, P, *5cttfL^> 

*)frt>timz> mM0mm)o ^m^im^.mm(D^mzm^^tir 

^Tfc<fct^o RMZBrnz^ZfcisblzmnZ^Z NP, P, ;fc<£OT»fcTO, 
^-©yyAC3-^ni) NP, P, :feJ;m J «e^^l3l^-i?&3iftg&ft 
<r&;b*>, Ztit>(DMfc^ti^- FtSIfif07^ y^BB^iJ(is RNP^rVA 

Kf3^ w^lf©T^ < ^ >£k^v arna^^-l 
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d©£-5&^*— —mmmzmm-rzt. mm^xm?^mm^^^> 
mmx&%o 

MtfJfciS&Srrs^^-i: LTfiJffl£tU#£o d©<fc-5£ N (-) fl-*$IRNA(' 
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x (vsv) ©G^w^if (vsv-g) %m-f %z\ tifi-e^Zo *m%(DJ^^ 
ly^^x^w—^ vsv-g^ >m7nt£¥(D£oi~, v j Aifim&tzvj jvx 

xiz&^tz (-) m-^mmk^ti\±^(Dmmm^^- k-ts^^^-dna^, 
ii-*iiRNA (zxT-f ?m) $.fc\t*(Di®ffim ym) k it^ 

So $Jx.i^ (-) il-*IMNASfc{±^©*gMiI^^- K-T SDNA&T77-n^ — ^ 
— ©T^^^M^it, T7RNAzKU p< ^— IftZct <9RNA^$e^^^§c ^**— DNA 

# v j- j ?*m bmm-^nz>£o\z-?z>z.}i tmm^co^m & ± w & tz #> f~ « $? * 
(D^>^u-7°mfc^<D# >^zn%mMt-%mmizms££fLrs myL^ f,hn 
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t^>^n — 7°^ >;^f (#iJ;L(3\ VSV-G^ >/^jf) I Z h * njf^fe 

#ij x. i £\ 3c > ^ d - & * s ^ # & i i b tz ffl. & & -fe > ? t? -f ; i/ ^ ^ ^ # — ff j 
fll * « , File ^ A^^i* H £ ft fe & ffl ^ t sstft -T 3 c: £ & r* £ s «, 

RNP3; fcii V -f ftft«, C 6DRNP£ fe« ^ -Y £±|B©^;W1 — 

C ©Myites (a) rt=r X % V%?\t>4 )\s7.(D>}>t£ < ^-O0i>^D-7 
*>^#St&l8^b&^<fc5l::&^<*ft&>'^ ^ ^ v>^;i/^t'fi^-r§ (-) 
fl-^tlRNA, (-) II-*tiRNA^^1-^)^ fr£>ft£it£r 

x>^d-7"^ >;^SSMt^i§tiAt^xfl 23«fctJ? (b) g£ 

v - a & *f h tttcii^f*^ ^ ^i±T *i a -r 5 3 1 & m g-e & % o nftuHj 

ffl^© h^>^7o:^i>3>M^^iJfflt§5 0 DOTMA (Boehringer), 

Superfect (QIAGEN #301305), D0TAP, DOPE, DOSPER (Boehringer #1811169) & 
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(Calos, M.P., 1983, Proc. Natl. Acad. Sci. USA 80: 3015) o 

oi>^n — >/^ft Ltil ^4 )i7(D^>^u—7°& y^ZMvxVUz. 
#ijx.«\ 3 .fcdfcu Jg*H^\ 'J#>H\ S^f*#S 

m<DV4 JV7^7^-lt, ^M^&ffiT^-^Sfetot, RNA 

-f ;i/ 7 ^ £ * — DNAIC *T£l £ & 5 © fS^ffl ?11£^ £ A -T S o t> 4 JV 7 ^ >? # 
-DNA(;:^Mfc^£«Air£i§l^ fll&fcJU -te>^ 0 4 )17^W-MA\Z 

£BB#J£# At 3 3 h# s il£ (Journal of Virology, Vol.67, No. 8, 
1993, p.4822-4830)o ^MMfc^lt, t> 4 )V7(D&mfc^ (NP, P, M, F, HN, & 

^^©^Jl*55(f^^cfcat3-r^.fctos ^«fs^©Su^fc(i^^('M E-I-S 
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(-) ^RNACD3'Sg£3a^(i£" m^m^-l )V7,(D>f J A±©3tfe^IBS^*50T 
AtS«li:4Wtb^c i£J~s I^AM^*^^ 7"$IRNA©5' Sg£i£vM£ £ 

* m ©it & 5' iiu TtztDt> m^m v << x v ; a £ 43 ^ x ktuns^ © 
tSch^-c^So ^D-->wnt ^j^raijpip*©i«Bs^j^-r-sc 

»rJt£»A-f 3d£#T?g<5o ^n-n>^+M Mi, *li£©$iJPWfSllt$@B?'J 

it, £ ® <fc 5 # A b )fc l&ft iz &m iz m<DM>&Mfc^ £ «8f Ltl^^J;^ 

^■MmB^-^-r^mmx.^>^^ VJfrXU?*—^ Kato, A. et 

al., 1997, EMBO J. 16: 578-587^OTu, D. etal., 1997, Genes Cells 2: 457-466 

lv>o WTs ft&mB^&Koti&GL&fflmisXO'f frxtf; k-tsdna 
if a -r s « & ^ ^ o -r itt wr s o s^j^-rs cdna^ssh^j © tfj £ Not i mm 
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hifil&t. b^o Z(DMmft^PftM(Dmfc1 L Wifr%:PCRlz£ <o ±if *g m 1R 3o ifH£ 

(e), ^is^'j (i) Rnm^mmm (s) (eisbs^j) ©31 1°- 
afefci:, Kotimm&mwmmmm&wmwm^mn (ek ^sb^j (i) s 

^'Ie^IB^@H^J (S) ^^{^©-^©lE^ltt?:? 0 ^ 7 

o 

£ffiS© 2 bO:©* ^ l^^"^ K b < fiGCG, GCC©NotI|fJ$M£il*©@2?il 

#^£*x&^4i&S, mztifg. b<{±ACTT) ^©3' fUJUNotllS^u 

gcggccgc£ft*n U £ £ £^©3' fflij^^^— ^-BH^'J t btttl© 9 JSS£ 

K > ATG h Z ft £ ^ Isb X ORF © *<J25 J® ^ © IB?iJ £ ttiD b J&JH 1 "T £ o 

#J^tT U UDNA©3' <D3£ffi£.-rZZ b^o 

u ^— xffl&ffflMmn&s' mtp*>&M(D 2 u±<d^^i^^^ k b < & 

GCG, GCCCNotmiUgPteS^CDBa^JAs^Sn^V^ffi^ £ b < &ACTT) 

^©3'#Ji3NotIiagPjigcggccgcSf«b^ £ £ \z*(DV ffjjfcjl;* £ 
Dltl-rSfefixOifAKfM-C^-U^fDNA^fd-int-So ^©^U ^'DNA©^^(i, NotI 
^HMtegcggccgcfc^tf^ cDNA©ffiffifI^SBH^J^f^-r^>-fe>^-r 

l^JfiSSc^Sftti-rS (Ofc>»9>£ T6cd;I/— ;b (rule of six)j ; Kolakofski, D. et 

al., J. Virol. 72:891-899, 1998) Q £ 6 (I|fAKfM-©3' Mfc-fe £ >f 

© S IB?iJ©*i*iitBB?!k »Sb< (±5' -CTTTCACCCT-3' N I I2?!k * b < f±5' - 
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AAG-3' , E I25*J©*gif it@E^ L < t±5' -TTTTTCTTACTACGG-3' , £ H ^ ©3' 

G$.tzi±cizt£&£oiz-9:£& mm b x un ttto u u m - x fiu^-jsK * 

So L<&Vent#y (NEB) £/B^TfrV^ tf*ILfc@lft»r 

f# ft pcr^ #j © js*bs#i * v - ^ ai > - x mm l , ie l ^ ih^u © r ^ x * k 

^S^HtS^^ AcONA-fe^tf^* ^ K©NotIgPiS^^n— — >yf So £fc 
:7 ^ X ^ h* ^ * — pB 1 uescr i pt & £ -T £ Not I SMu \z A L . x. -fe > ^ 
t> -f )]/ X cDNA£f# S d h 4> oTf gt? 3 o 

^BJ3©^;i/X^^— DNA(i, Cft£I»^ft£fc{£»P^$s^£-^ £ 
-r;i/X©L, P N NP# W^ftic: J; RNP&B«JEi££-e\ <! ©RNP £^t?^>f 

^ * — ££^£^3 t tfx g -So ^ ^ # — dna^ h © ^ ©ffl# 

•5:i£* s T?£3 (HI^^IB97/16539-^; ffl^^^97/16538^; Durbin, A.P. et 
al., 1997, Virology 235: 323-332; Whelan, S.P. etal., 1995, Proc. Natl. Acad. 
Sci. USA 92: 8388-8392; Schnell. M.J. et al., 1994, EMBO J. 13: 4195-4203; 
Radecke, F. et al., 1995, EMBO J. 14: 5773-5784; Lawson, N.D. et al., Proc. 
Natl. Acad. Sci. USA 92: 4477-4481; Garcin, D. et al., 1995, EMBO J. 14: 
6087-6094; Kato, A. et al., 1996, Genes Cells 1: 569-579; Baron, M.D. and 
Barrett, T., 1997, J. Virol. 71: 1265-1271; Bridgen, A. and Elliott, R.M., 
1996, Proc. Natl. Acad. Sci. USA 93: 15400-15404) o f? -f JIX^? $ — DNA(3 
&^X, FMfe^ HN££^ &&Xf/&frl±m& : ?'*%.£;$-&tzm&lZlZ, ^© 
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jafE^^ffl!©^^ ;i/^©3i>^n— ym&w&^i— K-r^jte^^^'^sujiis * 

•5 o 

© m jj&jjh > dna^^ &m t) ft § £ w- +^ * 5t & ^tu vi/ x {z £ o x mm 
©tint m*(Dh^>^7 ^?is3>mM±mmx%z>o m%.&, dotma 

(Boehringer), Superfect (QIAGEN #301305), D0TAP, DOPE, D0SPER (Boehringer 
#1811169) fc^A^tf £ft<5o (Dh L-CJi^J^tiU >K*;i/^>^A*fflV^fc h ^ 
>^7x^^>3 ^fts d (Dfimz X otiferttAo fcDNAfct^/hJJS 

tmOjiSft^^ *)+^**<Z)DNAA s AS 3 hft s ft|£>ftT^£ (Graham, 

F.L. and Van Der Eb, J., 1973, Virology 52: 456; Wigler, M. and Silverstein, 
S., 1977, Cell 11: 223) 0 Chen:fe «fc tFOkayamali h v 7 t— ft^©Sjfi^b* 
tfcitfU 1) *fflflg£^fcJ»©^ >3^^— >3 2~4% C0 2 , 35°C, 15 

~24^P^, 2) DNAttiSlittJ; t)^tt©*)©^rS'ffi^lS< , 3) mwm^omm 
m& 20~30>£zg/ml©£: gMMtettWtifi&btiZ £$B^LTl^£ (Chen, C. and 
Okayama, H. , 1987, Mol. Cell. Biol. 7: 2745) Q ©(D^mt, — ?i#J&h^> 
77x^«>a>l:abt^So fiDEAE-T^X (Sigma #D-9885 M.W. 5 

xlO 5 ) i&m%FfrM(DMm%.itxmmL, h7>^7x^^a>^oM^P 

i^to^feto{c^nndr>§^D^§C (Calos, M.P., 1983, Proc. Natl. 

Acad. Sci. USA 80: 3015) o ©0>;5&Jim^?L&£l¥«ft§;£&T% mmMiR 

&ifite\,^£\,^5&x®Q<2)(Dfi&iz)fc^xnm&&M^o mm&^^^mfccDm 
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>IS» s jiSbTt^3o t&MlZit Superfect Transfection Ragent (QIAGEN, Cat No. 
301305). DOSPER Liposomal Transfection Reagent (Boehringer Mannheim, 

Cat No. 1811169) tm^ZtiZo 

24fZfrt> QKn&Oiy^^^-v h SfcfcfclOOmm^. h UM±-?M0%^> 

J§£IEM(FCS):fe£m/iMJSf (100 units/ml D >G43«ttJ c 100//g/ml X h 

*70~80%=3 >^;i/x.> h HJ&SStftg^U l^g/ml psoralen (V5 b 

>) #£T UVBSff^ii§20^ffl!^-r^^b Ufes T7# V ^ ^ — tf &mMir 

p i/-Ttyj J]sXvT¥7-3 (Fuerst, T.R. etal., Proc. Natl. Acad. Sci. USA 
83: 8122-8126,1986, Kato, A. et al., Genes Cells 1: 569-579, 1996) £2 PFU/ 

mrnxm^z^Zo vycDmrnm^^mmm^mtm-Mimm-r^ z t&x 
i^o mmmm^s 2~60/zg, j:D$?sb<a3~5//g©±s3©*i^x.-fe>^v 

■W^XcDNA^, £g-fe>^ t?4 )lX*fy ACD^m^Smts: h ^ >yU3fpffl 
S'^'f^^V/^fSlgltS^^^ h' (24-0.5^g©pGEM-N, 12-0.25/zg 
CDpGEM-P, i5ctt524-0.5//g©pGEM-L, «fc t> #? £ b < (il^gc^pGEM-N, 0.5/zg© 
pGEM-P, js^Vl^gCDpGEM-L) (Kato, A. etal., Genes Cells 1: 569-579,1996 
) h^fzSuperfect (QIAGEN&) SrfflV^fe iJ#7ii'i/3 >^^(3cfc t> h^>^7 
^^^>3>t-^o F7>^7i7ya >£*T^fciM{3u F/fll^ «fc t) 100//g/ml 
© > j 7 t > bf^ > (Sigma) h is >r"^ ^ h* (AraC), ck?)#?*L<te 

40/zg/ml©^ h v>T^ If y v K (AraC) (Sigma) ®^£^t?Jfil^#©MEM*eJg 

S*f'-T-2>=fc5 £H#J©^H«j9^tS^-r3(Kato, A. etal., 1996, Genes Cells 
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1: 569-579) 0 h ^ >X y x. ? i, a >fr ^48-72^HajS^#^, flBflSfcHUK U 
#C*§B!lfl¥£ 3[I]fllD^LT*fflJ§S£M !i L£@L :n>^n — >/^S§fIt 
SLLC-MK2*fflflS^ h^>^^^^i>3 >LT±^#-r-2>ot^#3~7 StttgfSS 

&M%.-rzc:k:lz£r)&:%.i-zz£i!fi~eg2>o HA& r en do-point #f?&j (Kato, 
A. et al., 1996, Genes Cells 1: 569-579) lz£t) bifiH £ Z> 0 m% 

^Jl&Jgzk (PBS) ^h*l:«tff Lt»^t2»^iii)^^^o 
« J PLLC-MK2«, /\AX^- WS*©BHK«^^©tg#*fflBS^^a Z t&T 
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m^A , mm±, pp. 153-172)0 mmizit, mz.it. ^mm^mmmizx 

ti9~12HP^ 37~38°CTt£#U E£J5£5£-t±£o ^ >^n — 7? p R££g 
*;i/hTi— tt, PP. 68-73, (1995))o 

t>t)^-f ;i/^^^^-^Jitg^nso 2m&fz\£-znizi±<D*ftw<D 

z\(D£o iz vx^.m^ntzU^t'^ )^^\£, WJ-y 

n © * >r ttiffl we ^ir^ ti^mm^mnijmmx tozztfrz. 
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(ex vivo) fi^t J: SliS^Mffl^f ti©^ffit J; o t i^WM^mnx 
^SMl^t b < \±m^(DVf\HX{&mi3 % ^&\^X\^fo&mfe^m*%MZ 

^zzt-hmmx&Zo ^mmBj-tLxizmzmmttfii, isi^n-Ft 

z>mm~-hnfi, m^US, 7 >f-b > x S feli u f f ^ ifffi^ >^ ^ i § 3 - 

mtLXit, ££teDCOT&^©^J)jC^« (APC) S~*|gBf3©^ 

#—&mi^x&m$b^*^irzMfc^%mm$-&z>z£fi$xgz>o zcD^otzm 

feftltlt W Muc-1 gfcte Muc-iaA^->^>^AU If— K ( 

3fcffl^fFfg 5,744,144^-), gplOO^^c ififim^ htiZo Z(D£ote 

Z£&^$hX&Z>o Z(D£5temte^£ VXIZ, i) IL-2i:-^IL-12 £ 

©lfl<^t>i* (Proc. Natl. Acad. Sci. USA 96 (15): 8591-8596, 1999), ii) 

il-2^ >$-7 ^u>-y o^mnnm 5,798, ioo-*§-) N no m^xm^hnz 
mm*iu=L-mmm?- (gm-csfk iv) mmm^^mnm.t\,rz gm-csf t il-4 

(DUfr^t)^ (J. Neurosurgery 90 (6), 1115-1124 (1999)) ^^!f?)tL§ 

o 

m^mcD^mtLx^, 4 >7)i^>+riz&uxi£, m^it^m^. H5Ni m*. 

>^D-:7\ BMj^&l^Tteu F!l^«^>^n — r^r-^ ^ (Vaccine, vol. 17, 
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No. 15-16, 1869-1882 ( 1999)). ^-Y X\Z :fel^T{i, fll^fcfHIV gagi; fe« SIVgag 
^A°m (J. Immunology (2000) vol. 164, 4968-4978). mV^>^U — 7°# y >\ 

# (Kaneko, H. et al., Virology 267: 8-16 (2000)), =3 b ^ Clik^Tii, $Jx_ 
{jDl/^SiCB+f^J.-^ h (CTB) (Arakawa T, et al. , Nature Biotechnology 
(1998) 16(10): 934-8, Arakawa T, etal., Nature Biotechnology (1998) 16(3): 
292-7), U-^m\Z^^X\±, mjLlt&XmVJ frX&m* >'V? (LodmellDLet 
al., 1998, Nature Medicine 4(8): 949-52), ^^M^&l^Tii, th^b°n — 
v^-f )l^Gm(D^y°-> h** W^Ll (J. Med. Virol, 60, 200-204 (2000)) & 

UjWI&T, -f a. U >ilfM-©^7°^- K©$B3l#fTfc>*vro3 (Coon, B. et 
al., J. Clin. Invest., 1999, 104(2) : 189-94) 0 

mm , wm±com a m <om m & o & & ^ -r e 

EI 2 (±,Cre-loxP^(3 «fc D %M*mm LfeFiai©«IS^0r^ ^ >r 

EI 4 (±, Sffljlg^® J^tt ^HN©^31^^1fllJ>R©*fflJ^*@-N©l|S*^-trfiilf« b 
0 5«, ^^^>y^M^ii«^ffl^T^^^^^^^0[l]lR^iS<^fe^ 
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2. LLC-MK2/F+ad^ «t VCV-l/F+adtt y ;i/^AxCANCre*iP^. fc^n-en© 

3. LLC-MKZ/F-ad^^tfCV-l/F-adfiT^V <j7^f jl/XAxCANCre^frnX-T M&l^ft 

4. LLC-MK2/F+ad SrdteT^V >f ;]/XAxCANCre-£fMfg5J! Lfc*fflJ&& £ £ (3 3 

5. ld^J;^3d(±^ti^tiiS#^Il^ 1 B43£T>"3 BSJifo 

6. Vacld43J:Wac3di±-?n j en i 7^'>-T^'f 1 S*3«fct5 3 BOlffl 

7. AraCldi3«trJ f AraC3d(*-?tl^nAraCS^iDbT 1 0*3 J; IF 3 B<DMM~& j Sa~f 

o 

8. CHX ld*5J:VCHX M\ttn?ftm&&WLWM#\V4 *7U^**/X Y^iWMXs 
X 1 B^cktf 3 BcDTO^Jg-To 

HI6ii, GFP^AF^^SeV cDNA(pSeV18 + / AF-GFP)^F#^JlLLC-MK2$fflJ3S(C h 
^>7;^^^^3>LTGFP©^ii (RNP©t&£B) £§HK Ltz^m^-r^MX^ 
%o Mmmt LTFMl£^£NPjifc?©3' *SCyt7^U F^£gB{fc£GFPfc?H 
AbfeSeV cDNA(F^^^;i/^SeV)^:ffl^feo r allj fiSeV cDNACDtffe^ NP,P,L3ft 
fe^SMt^^X^ F (pGEM/NP, pGEM/P, WpGEM/L) * fsJB^tz: h ^ >^ 7 
:r^>s > Ltz^CD^mtD-ro r cDNAj {±cDNA (pSeV18 + /AF-GFP) (DH(b h ^ > 
^7i^i/a>^t)to RNP h ^ >^7x^7 >teGFP£fgi!LTM£PO« 
&EUKU OptiMEM (GIBCO BEDCiSb (10 7 ^fflJfS/ml). i$*gBM¥ 3 [el< 
Lfc^-f -te — HOO/zl^^^'l* U tfV — AD0SPER(^— D >#— v>f WW 
A) 25/zlhMl§i U ^B£15#|ig;&gLTfr^ F^M^« (+ad) L 



WO 00/70070 



PCT/JPOO/03195 



-24- 

„ RNP h7>^7x^y 3 y&ft-Dfzo fflti&<Dftffl%thLXCre DNA I) ^ > tT — 

■e&&m-?2>ffl.&%.77 : >> jix^Wito (-ad)M£fflv^co *<Di&m, po© 

LLC -MK2 mm ~C it GFP & Se V r> >f ; I X RNP © BJ& 1 3 # ft (I $g 31 3 d £ A* * iJ m b , 

pi -e ii , f ^ & t> ^ * \±mm%M \z mtf m £ m m $ n & - 1 m b & e 

^fclS^^^-r^fit?$)Sc RNP/of£RNP£SIB (overlay) bfcJHHflg^Jlf RNP/t 
fiRNP £ transf ec t i on b tz *ffl J)g £ Ji T » 

m8« N f^>w mMfflmz<ftmmzMm£ti2>z£&mis>&bfr& 
m & ^ t- w^m t- $> § o3»e^^ ?m a *^ #m b fc«st g imp & ^t? ^ -t - 

U^tlfZo 

£ n % z. t & mfr& tzmm & ^ Tmm-e & 3 a mfc^-K^m? mm b tz 

^ Jg#t±7ii£[l]iKbfco Cl©t£§i±^£F%M]^©jSitfji~ £[J;L^£-M\ 3Hg 
tlHUR^nfeJg«±?i*. F^M^^F#^MflS(3|Bj^^»b. h'J7J/> 

o 

^mmm(Dmm±m^(D^^ j^x^miuv, total RNASjattibT, f^hns^d 
— :/£ bty — tf>^n y h^^ff -ztztgm&m-rwn'e&Zo fii«* 
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^^1-RT-PCR©|S^$r^^^K^$)So 1 : +18-NP, +18 Not I+J-^ h ©#£©fif 
Ho 2 : M-GFP, GY?&te^ifimte^X.Mffimzft&TZZ.£(Dmm>o 3 : F«fc^ 
s Flfi?0M©IIo ff^SeV^F^flGFPfgilSeV©^ Afl&jtfc±K^ bfc 
o GFP3tfe^#F&»gMfctc:#:£U NP©3' «{e+18|£*©NotI-!+-f h* s feD. F 



IgG( ant i F , antiHN ) £ ffl V ^tz &&nM \z J; t> IJiK ISJfl & ^ "T^HT? £ o ^ W ^ 

HI 1 3(i,GFP©«e^^©ffe©^fe^©p3t(iM^^t5]«^fe^^ i:*fit 
II b fcRT-PCR© IS JH S^tHtfeSo 

H"T?feSo F^^^-r;bx*i^(iif^§y^^;i/^ hlBiaiHrtgpt^U #;i/ftRNP 

il5lt F^^SeV^^— ic£3in vitro ^©^«&*fflJ^©ffi?W?il£ 

Ell 6te N T^7^IMfi« (BMc-kit+/-) ^(DfK&mSeV^t # -©a* A 

l±PEBBtt/GFPBH4*Jif o 
0 1 7it M*^^©^^? — © in vivo 3£-^-©3gJH£^-f 3o 

3lLLC-MK2$fflJ}gt'^b, h U7y>#4T^fei»#4Tt3Bi^f L±i* 
© ^ -f ©#£ £HA assays fitfS b tz S^tf It & § 0 
Ell 9 {is Ell 8B^^^T^WHIPT-HA|^'ffi-efeofcm^M(lane ll&iV 
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iane i2) ^^mmizmms, LxmrnzB^commmoDYiA &ssay&ft ■otzi&m& 

LfzMm&^Mir %m*X* tztiK £zin-f VWM bfc FS 6 
EI 2 1 i±,F^*^;i^*i^©M-\© h7>^7x^y3>©^?:^t? 

•T^^T-fe So LLC/VacT7/pGEM/FHN{iLLC-MK2i|fflM^ y * ^>-TM^£> pGEM/FHN 
F£ b^>^^3i^^3>bfe$fflaao LLC/VacT7(iy ^-Tfi^bfc 
LLC-MK2|fflJJg 0 LLCMK2/FHNmix&F N H Nj»fE^A£flfcLLC-MK2«-?r ^ n — — 
>^bT^ftl^*fflJ3&o LLC/FHNimC-MK2m£ F, H N^fc^afliA lt7f; 
y^;i/X-e^JM^(3H^) ©IfflflS, 1-13, 2-6, 2-16, 3-3, 3-18, 3-22, 4- 

3, 5-m?u =->?Ltzt (%m) ^m-To 

0 2 3 fcfc, pGEM/FHN©^iD©WM©?aV^3c);Sy-r ;i/X©BfiE^:0llbfcM^ 
%7r;1r^M-e&Z>o FHN^^GFP^SSeV cDNA, pGEM/NP , pGEM/P, pGEM/L, pGEM/FHN 

§^n^n^^bLLc-MK2ifflj}a^3iis^#Abfeo a 3 mmm^m* 

AraC, h U z?i/>X t>©MEM^2»U ^?)(:3B^igibfco 3H£? *AIS 2 B 
g-em^H^iB^^tl^bs pGEM/FHN©«fflWM©3t^^^IiEb, GFPfgijyffl 

j^©j£^i3^y^^^©ff^^fiiiibfeo ^msmz^To nm^m^vGM/fm 

^mtU LfzM£>ltGFmMmf&<D}£;fi$ D gf^ n,pGEM/FHN©»^&^Jl£rte: 

mmmit > £o whims -e b ztitzfr^fc 

HJ2 4(i, RNPh^>X-7^^^>3>tctSF, HN^S^ ;i/*©MI3l£Jf*i 
^t^t$§ 0 ISSifSaiil 3 0 § ©F HN±t|gig« (12well) £P0 RNP&M 
/■SfctiDOSPERfc/HOT U ^7i^i/3 > U 4 B^^GFP^H^bfco RNP b v 
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J5b b ( ± ) o Ade/Cre £ b T 6 B# H FHNg aglgg! £ ft M FHN 

EI 2 5 FHN^lGFP^^J11-ScDNA^e>ll«^^ftfe^^;b^^{iLLC-MK2, 
LLC-MK2/F, LLC-MK2/HN, LLC-MK2/FHN^« It h U >©^*a©W^-?^* 
bfelSmS^^^K^fe^o *£#3 B^I'GFPSe^Ji»©^* s D ^fitlIb7co 
^©!SJR£:^o LLC-MK2/FHNt:©^GFP©J[2:* s D^iS^^ft> 
FHN±t^i^t#S^^o h U7'^>^#fi<J^JitB^ftS^hA s fli^^ftfco 

[21 2 8 (is V7b> • UVM^(3*5(t^V^b>©vlS^^fb^-M-feil^©> V 
Z^-Tti^ )\<7s (D^-mt £ T7rSt4 £ ^ El T* & 3 o 

EI2 9}£, U> • UVBS*r(3*3^^UVBS^r H ^^'fb^#fe^^©> 
=.-rt?j frTs&^TSmthTI RNAtf'J briS'ffi^-f ElTr££o 

E13 0tt, V^P> -UVflBfJbfcy Pis — 7*54 frzofflmte^®. (CPE) £^ 
-T^K^rfe-So 3xl0 5 ©LLC-MK2|fflflS^6r>^;i/ru— h HJSV^feo lfflJ8&£ — #&Jg 
#f^s y^^> — T^^;i/^*moi=2-t?^^"&feo 2493^^ CPESfiJ^bfco 4% 

jaao^^^-T^-r^^tcfcscPEttAs 15, 2(k & j^so^m b y ^> 

nT^-r J;?)CPE(is ^ft^'ftBs C, ^ct^Df'^bfeo 

EI 3 3ii,^VSV-GJ;iW; £3^^>^'n ^ FWISS^WlTfeS 
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o 

%o AxCANCre^ 4 0 @ ©LLC-MK2 VSV-G^2S^i« (LI) (moi=0, 2.5, 5) (DM 
tifmm&TTiTo -^Jnf*«?JiVSV-GJ/Lf* (MoAbI-1), — ^^JiFITCfb tfcW * 

El 3 5(i, AxCANCre ©^^M (M0I=O, 1.2 5, 2.5, 5, 10) 

Jg5Sf3i&i:?*£EiKU £££ VSV-G S§2»bu(-), ^&(0©*fflflS£^£-ti\ 5 
0 @©GFP ©^JjtbTl^lfflJ3&£i^bfcM^£^1~^Jl'£fe ; 5o 

EI 3 6te, MB^fitiic>>^;i/^M^a^P^fc*S^^^t-^*-e&^o 

EI 3 7teu VSV-G WSffl^tl#f.tlfcF Ttfi^&^^Lfc^V A£^-T£ 

EI3 8iis GFP3tfS^£^frF, HN ^M-br VSV-GStfe^ftM 

i3 9lt VSV-G 5te^M*fflJJS*tflt5ibfc^'r;i/XAs F43J:t5 HN ^SfcSJ-C 

EI 4 Of*, ^^§S^T^GFP|gJMttSil^bfe^^*^T^K^^So 
El 4 Hi, Ji>^n — r^r^^ ^ h*i:*fflflSaiS©ffi^t)^lc: < fcSSeV/A 
F-GFP©BJfcj$^^©ft±&^-rEI"T?fc£o PO (iMtfu) ©d3~d4 (3BB — 4B 

EI4 2ii, oi>^d — r^T"^^ ^ H ^IfflSSMiB fc>i±f' J; £SeV/ A 

F-GFP©B^©M^^©^lt^m^^-rEI-eS)§o GFPBH4SfflHa(±B»fiK^ti 
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m 4 3y\cDNAA^©F^I-fe>^ <7 4 © U X a. — (DmV&^&^M 
T-*SoX>^D- -7^51 -7°v * * h* £ «M« fri* J- cfc £ SeV/ A F-GFP 

IU4 4{i, GFP£^£&i^LacZ}g«& F ^^^-b > ^ W »7 ^ -©lacZ 

©^it^-r^jS"^^ 
i4 5lt -te V ^-f JlXfS A cDNAKf © it 7' n — — >^ (A) ^fffet 

Notif-^ b&mxLmmistzsnmcD^yv j ^x^v acdna©*^ (b) & 

EI4 6il SEAP^Notllt^ K ft^Mn, &mm£^¥f- 

t-$)§o LAsioooT-mD^^^v— ©^Hit©— ^£^0 

04 8(1 #-b>^V )lsC<W-miZ&tf% \y^— Mfc^- (SEAP) 
(D%mm.(Dm^tk&\,t^m.^-$-m~£libZ>o SeV18+/SEAP©^-#£100^ L 

t^n? nta *ffii & ^ t o seapmie ^ ^Tv^t d -r s ^ ^ o r -€ © ts-ft -r & 
i4 9(t pi FnmmmmMizjstfzGF pmM&^m$iM^n~C'&z>o 

EI 5 VSV-G^>i— ^ rSeV/AFrGFP^IfflSSCJStiirt^s J/lFJ/l^ ( 

anti-F), l/CHNJ/tf* (anti-HN), #i*z > ¥ J t> J K (anti-SeV) £ffl^-T<7 

in 5 m ^fn^ (vgvj/l^) (DW&T£tzmm&-r-c*?&£nw&xm u 

fcVSV-G^ — K^^ rSeV^^^^4±fe*ffiJ3S©GFP©^^&^-r^-efe§o 

Hf © l£ 31 £ ^ -f ^ * -e £ & o 
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1215 4 d Fj»fe^& ^ b £V A -5 >W &VSV-G:/ 

H5 5J1 NGF^5&JSP«bfeF^^M-fe>^-1' £>f fix (NGF/SeV/AF) ©#tjig 

EI 5 611 NGF^«F^^§ySeV««J: D^il^n^NGF©rSt4^^-rEl^fe 

^*ffliiacD^4l±?S#«R«E5av^±3> h n-;i^h bT©NGFg££«U 3 
13^ hn> K VTlz &ZM7tm&&mm£ (n=3) 0 ig#± 

?f fil/1000#»Hffl^fi^Sn bfeo 
EI 5 7fl NGF^t!iF^^§ySeV^MJ^J; ^^ii^tiSNGFcDrStt*^^^*^ 

mmmm(Dt%m±mmRmm^&^ > v n-^t bT©NGFg6£«iu 3 

f3f&§tbfc 0 

A) zi>hn— ;i/ (NGFvttMbK 

B) NGFgfilOng/mUStil^ 

C) NGF/SeV^M|g^#±ySl/100#f?^P, 

D ) NGF/SeV^MHflgtg «±}f l/100#ftf«k 

E ) NGF/SeV/ AF^^*fflJiam«±rSl/100#f?va, 

F ) NGF/SeV/ AF-GFP^^$ffl^Jg#±vf l/100#|R^iD 
EI 5 8(1 Ad-Cre©moi£FS6©l^jiM£^t-^J|-£fe3o 
05 911 Adeno-CreJZ«fcSLLC-MK2/F6D^*^-f^HT?*)So 
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mm & mm-r & tz&><Dm&<DMm 

<1> F^^SeV^fV AcDNA^J;OT^Jgr^^ * F©#llg 

-tr>^-f (SeV) ^g^fVAcDNA, pSeV18 + b( + ) (Hasan, M. K. et al . , 

1997, J. General Virology 78: 2813-2820) (r p SeV18 + b(+)j it r p SeV18 + j h 
©cDNA^Sphl/KpnTONHbLT?^^ > h (14673bp)&H]JK U pUC18 
t:^D-r>^Uti:*^a7'7^^ FpUC18/KSh LtzoYX.m&GL(Dmmi£Z.<D 

P uci8/KS±-etf ofeo mfe^ateMte, pcr-^ >f— >s >j5m<Dffi.fr£tt>i£-c 

ffV\ iS^i: bT FMfc^©0RF (ATG-TGA=1698bp) SRfc^Tatgcatgccggcagatga 
(m&m^ : 1 ) -CSiJ&SU F^MSeV^V AcDNA (pSeV187AF) Sfil^bfe 
0 PCR(± N FCD±SKlZ{± (forward: 5' -gttgagtactgcaagagc/SB^US^ : 2, reverse: 
5' -tttgccggcatgcatgtttcccaaggggagagttttgcaacc/K^JS"^- : 3 K FiHS^POT 
$t (3 (forward: 5' -atgcatgccggcagatga/ IE S ^ : 4, reverse: 5' - 
tgggtgaatgagagaatcagc/Ba^JS-^- : 5) ©PCRjg$r£EcoT22I-eJti&Lfco <!©£ 

K^SacI^SallT^^bT^FMflgPlu^^tffM©^ ( 
4931bp) £[3lKLTpUC18^n-:n>/f U pUC18/dFSSh bfeo 3 © P UC18/dFSS 
^Dralll-e^bLT, »f^*ISJR bTpSeV18 + ©F?lfs^^^t?ffl^©DraIIIif>t 
£{Bg&;U 7^"->a>lt777; HpSeV18 + /AF £f#fco 

£ £>JC, F^^gB(ft(^EGFP5tfe^*i§«bfccDNA (pSeV187 AF-GFP) £#fi§l- 
6 fe PCRfz «fc *) , EGFP»fedF©Jili £f? o fe oEGFPiUS^ & 6 ©fg$i(Hausmann, 
S. et al., RNA 2, 1033-1045 (1996)) \z&t>#2>tzlto 5' JiNsil-taildr^ -i 
— (5'-atgcatatggtgatgcggttttggcagtac : IH^JS^- : 6), 3' ttNgoMIV-tailed^" 
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v — (5' -Tgccggctattattacttgtacagctcgtc : IH^JS"^ : 7 )£ffll^TPCR£fT 
^fco PCRM^£$iMi£*NsiI £ NgoMIV^ UTy;i/fr 6 Brtf-fc lei IRU 
pUC18/dFSS©F^^gR{fir{zfeSNsiI iiNgoMIV^ ^-5 9JPS^^u(Z^ Us — 
^i>7«ILfe. I^iP^ EGFP3tfc^£^tfDraIII^K-£[IUKU pSeV18 + 

pSeV18 + /AF-GFP £f#fc 0 

*PCR-T-Ji*iU. v-^>;<£:fffif3Ufc^> Cre DNA V n > f^-Hf H «fc t) 3fife^ 
* IS * 16 £ tl % «fc a f3 IS ft £ *i fc y° X $ K pCALNdlw(Arai h J. 
Virology72 5 1998,plll5-1121)©a.-— h SwalgMfcfcffAU rr^*^ K 

pCALNdLw/F <h U o 

<2> SeV-F^e^li*^gig-r5-\;i/^ 0 -«©ftM 

^-|H^^^UfeoWttSeV©TO^ct <fflV^nTV^§^>^--BJiiS* 
Ifflflg*^ LLC-MK2|fflJ3S£fflV>fc 0 LLC-MK2^fflJ§S(i, 10%fflij?ll Ufc^Ktfb^ ->fl& 
JElM(FBS), >J >G^ h U 50#ji/mK ^.J;^^ h V7Y x'-Y 50 

/zg/ml&»UfeMEM-c?37 0 C. 5% C0 2 ^tg# Ufeo SeV-FjH'E^M««iMS'ffi 
£^-T3fc<2K Cre DNAU^>bT^— lflc:<fc»3FjBe^m^*^3(¥l631^ns«fca 
I* SSat £ tl ±13 7° "7 X 5. K pCALNdLw/F & „ U > gg * ;i/ i>"> A & (mammal ian 
transfection kit ( Stratagene ) ) l3«fc*K ^®7u h n— ;K3^-^TLLC-MK2 M 

lOcm^l/— h £/HV\ 40% 3 >^;i/oi> b £T'£W UfcLLC-MK2$fiM310,ug© 
r-^vs^ FpCALNdLw/F&3*A^ 10ml©10% FBS&^t?MEMigifel;:t\ 37°C© 5 % 
C0 2 >^ri^— ^— ifit?24^Jg#Ufeo 24B#P^#^|fflJJg^(i^Us lOmlJgflfe 
tzmmWi, lOcmi'i* — 1/ 5#£&/B^> 5ml 1#U 2ml 2#t, 0.2ml 2*fcHfi§, G418 
(GIBCO-BRL)fel200//g/ml*^tfl0ml©10%FBS^^tfMEMJglft(3T^il^fTV\ 2 
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mtsmiz ct t) £W u t ^ tzmsiz m& & ^ -r annate &u—->?v>y&m^x 

30tfc&miKLfco n — >(il0cm-7°L/— h^n>7;b^> h 3 i; trl&Aig 

n — 1/ lz~D\/^X Cre DNAU =3 > £ — 1? *ftM? 3*fi5*8l£ T^V r> ^ ;i/ 
XAxCANCreT-^f^, |/CSeV-F^ SjC^E y * n-±;HgG (f236, J. Biochem. 123: 
1064-1072) ^ffl^TSeV-FMe©^^^^^^^ >7'n y hgC.t5WTC.ta 

*AxCANCre&^rlj|£©;£& (Saito et al., Nucl. Acids Res. 23: 3816-3821 
(1995); Arai, T.et al., J Virol 72,1115-1121 (1998)) moi=3 xm%k 

, X? ]y~ ;i—XfflM&&&L. 1500 xgt? 5 ^jgihU MM&M&tzo 

iffflfl£l±150/zl ?BS^v7 7 — IZMW&, M©2xTris-SDS-BME sample loading 
buffer (0.625MTris, pH 6.8, 5%SDS, 25% 2-ME, 50% glycerol, 0.025%BPB, Owl 
#55!) 98°C 3^Pli0lIliIM»ffl^!:«lfco I^IM (11/- 

>^fe^ixio 5 mm) &sds-^ut^ vjitk (t;i/^^;ho/20, m— 

h^CJ; t>PVDFte^J& (Immobilon-P transfer membranes, MilliporettSi) icfe 
^Lfzo <jfc^&100% ^^y— ;i/C30#, zkt30^H?lbfete¥I^*Mffl U 
ImA/cm 2 SS«0^f"C l»^feo 

^*£^j&&0.05%Tween20, 1 %BSA&^fln Lfc^D ^^r>^"^rt(7"D y ^ai— 
X, SEP*±S0 lBSiaiB*^ 0.05%Tween20, 1 %BSA*^iObfe^n y3f> 
^^T-l/lOOO^fRLfc^SeV-Fififfc (f236) ^ST-2Hm5/fo£-&fco 
JHt£3[I]20ml©PBS-0.1%Tween20C 5^iIIltMlfei, PBSJ^ffi^t? 5# 
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$j-£l/2000#fRbfc^ — WflMbfcf/t^^gGJ/if* (Goat anti- 

mouse IgG, ZymedM) lOml^^rU^ lmmKHt^^tzo §£$5^M£3J^20ml© 
PBS-0. l%Tween20tz 5 frMMm bT*$fc#bfc&,PBSifiif*£"-e 5 b*» b 

'fb^^^fe^ (ECL western blotting detection reagents, Amershamttl^) Iz. J; 
D^SeV-FJnf*h^X©^^n^H^*E^M±©gaK©^m^ff ofeolS^ttEI 1 

nbtlfc mmmm (DftcD — rD <DLLC-MK2/F7« £ InSeV-FirCf* ^ffl^7D- 
h UH5?#f£frofc (02)o ?1&t>%, lxl0 5 M$:15 3 000rpm 4°CT 
5#R8*t?>^>U PBS 200// IT- i$fc?tU 100{g#f?bfcJnF^ y ^ D-^l/JrC 
{# (f236K 0.05%T^Yb-^ h U 2%FCS£i^fcFACSfflPBS (B«7Hb^) "C4 

°C, lB#F H m^bTS^^Hi-feo W15,000rpm 4 °CT*5^^^ tf >^'<> > U PBS 
200/zl-eift**U FITCMIibfetrLV^^IgG (CAPPELtt) 1/zg/ml £30#|ffl;>k±*e 
^OTBS200 / ul-T^f U 15,000rpm 4 0 C^5^j©/hbT«£X 
U lmlCDFACSMPBSKBSSLfco EPICS ELITE (Z3 — — *t®0 TJlz? 
tf-£fflV>T, ®j*BMft488nm, ^^Mfi525nm^Hf #f b fee *©*gm, 
LLC-MK2/F7 SeV-F^e^il^^^^M^^^^CD^^S/Sfi^ai^ 

^;i/^-«T^a»|gJI^nfeSeV-FSeHtt^©Se^fgAS^fenT^^ 

LLC-MK2/F7«£6cnr>-^ — n>^;i/^> h 7r 

y ;i/XAxCANCre£^I§e>CD;£Sc (±13) t>moi=3T?J&2fe^ hU7^> ( 
7.5/zg/ml, GIBC0BRL ) £ "at? MEM (serum free)^37°C 5%C0 2 >3ro.^-# — 
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m^teftLs 1500 xgtr 5^HjS^L. fflm&m&btco ffiM bfc O^X $ > 7~u v 
h&dcfc ^mM^tifzFm&McD h U ^>>£«fc38P^£i£Igbfc(EI3 )«,SeV-F 

«fcD, FlhF2© 2o©-f-^-^ h^MSbrSttfb^ti^o ICi^tFIfi^ 
mm%W& ©LLC-MK2/F7£fflJ§§f£^31 {3 b T & Fg 6 * S ^I%6<J(3 % 

K (pCAG/SeV-HN )Sh7>^7i^i/H>bt h'J^> £ ^ &MEMT: 3 H ^Jg* 
IfflJJSSffi^-©®^!!^ (Hematoadsorpt ion assay; Had assey) TfliiSbfc (EI 4 

)o -ttzt>%, mmmmz. 1 %-y h u^«& imi/dish^ipx., 4°c-eio#ra# 

Ibf:^, M£PBSMffi?$-£ 3HI^bfc^^5> *fflflg^ffl©*Jfil^©^ D 

ffl ITlM^Seitec Lfcd £**¥!IHBU LLC-MK2/F7^^^1bT^^> F 

—mmmfr % umcD Fie (Dmmz ji^commmizm^i b&^ o r Zo u 

/7^>-7>)^jl/^t:^t5V7l/> (psoral en) m M T? 5 ^Ms£ ( 1 ong-waveUV 

) ~e<D9Bim (plwuvms) & N 7^-T^;i/^©*tM#E;t/£^r££i±> T7^ 

JjiMt££W^&^ ^#B^£tiT^§ (Tsung£>, J Virol 70,165-171, 1996 
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)o dCDPLWUV^jlilbfey * i/ — 7t?J (PLWUV-VacT7) Sffl^-fW 

j\sX(Dmmm%Ufrtzom$mmmmwi±si5 T 7 v v^^y^^mm^nrz uv 

Stratakinker 2400 (*^n^S^ 400676 (100V), 7, b7^->*±, LaJolla, 

ca, usa) ^ffl^feo mmmzm^tzF%mmmfrt>FmG<Dftmzm. 

m^titz^CDCD.Z ©PLWUV-VacT7T- mmm b fc ftHAS © 1 ysate £ W 1 — *fflflS'Ni& 
Se^l-4>?S^Sb*V>iI^As*U^Lfeo C©PLWUV-VacT7£ffl^fc 

la** & x. mum sev© sflt g§ & # 1 o 5 ^ ± © % ^ t v 4 ;v x # 0 4x 

F^JIdIHu^ enhanced green fluorescent protein(EGFP) iillS^^: 4^— 9 — 
t Lt 6n^-Jl/Ctot«AUfc±lH pSeV187 AF-GFP &TI3©<fc -5 t bT 

^&#l/^*T!;g>3s 3o©r>^;i/^S*»G^NP, P, L©^M(c 
b 5^: o 

LLC-MK2 «£5xl0 6 cells/dish T* lOOmra ^ h U M^^# N 24B3«g#^ V 
^>£^i8EMt*M (365nm) T* 20^5»EIU T7 RNA# U p< ^ —if ^mMT 
Z> ij3>tt> h^^^ — T^-r;i/X (Fuerst, T.R. et al., Proc. Natl. Acad. 
Sci. USA 83, 8122-8126 (1986)) iz^g-e 1 H#H8Jg#S£-tf (moi=2) (moi=2~3 
, #fc£timoi=2#flH^ftS)o tt^3 0^lt*^77^^ K pSeV18V 
AF-GFP, pGEM/NP, pGEM/P, Ik Tf pGEM/L ( Kato , A. et al., Genes cells 1, 
569-579 (1996)) £^tl^ftl2//g, 4/zg, 2//g, StM/zg /dish (DMttX 
0ptiMEM(GIBC0)(l!^?S bv SuperFect transfection reagent(l#g DNA/5/^1 (D 
SuperFect, QIAGEN)£ Atixm& U ^M^IO #F^Bf£, Silfftt;:3%FBS£^ 



WO 00/70070 



PCT/JP00/03195 



-37- 

tfOptiMEM 3ml^An^ MM^ffitlU LXt%m Ltzo pSeV18 + / AF-GFP (D\%t> ^0 izft 
mtVTW^MSeVfyjUcMA (pSeV( + )) (Kato, A. et al., Genes cells 1, 
569-579 (1996)) ^ffll^iI©il^fTofc 0 3 m^Wlk. 
^S&l^MEM -V 2 mW&L, is h ->>/3-D-T^ Y. J 7 "s J is h*40//g/ml (AraC 
, Sigma), h U ri>>7.5 / ag/ml (GIBCO) £#&MEMt:70Bf PeStg* Lfco £tL£>© 
*BWS£l§]iKU ^l/^ h^OptiMEM izmMLtz (10 7 cells/ ml ) Q m&mffi* 3 
Hit D ?H It lipofection reagent DOSPER (Boehringer mannheim) h M & b ( 
10 6 cells/25^1 DOSPER) ^St?15£\Rg Lfc&, F^I1LLC-MK2/F7 lffl«(3 h ^ 
yx? x.?Zs=l> (10 6 cells /well 12-well-plate) U Jfil?f£# * ft^MEM (40 
MSMl AraC, 7.5/*g/ml h 'J > £^tr)T?iglt bfco 

^CD*£^ ^^;bXi*0 3o©«sE5I, NP. P, LyW^Tli-io/rh^© 
^GFP©#g3|^f£#) h ti, ZmM-T Z>sZ$: t> 4 ;i/^RNP ASfl^fiK U# § £ 

(EI6) 0 

Sfr&il^fco BUxfibfc«fcat«ltgWRNP*^fi£^na^ (pSeV187 AF-GFP, 
pGEM/NP, pGEM/P, lO'pGEM/L^^i: h7>77x^ htStff) £J&J5&£*x 
fcl^^ (pSeV187 AF-GFP, pGEM/NP©2fi© s\ X F©<^§ F7>77i^f 

-emmm&ft ^tzmm^n^/mmhrmtz^-f^- h 
n £ © MS *5 a GFPig J3a © is ifi d 4 ;i/ * © mm & mm l & o ^ © 

*SIH, ^lfg^RNP^^^tife^©^^-b- h£ffll\ FMltliAtfe 
^^©^GFP^Mflg©iS^D*si|^^n7c (EJ7) 0 ^?>^> y^ — trTvtej 
C^tfe^ |lia©^^ffl^7^-^©ff^^ilS^tlfco 3tlf)C0gI*f) 

s Yxmoj ft*?; mm $ n tzmmm^t^mmmm^^Y^ >^^m 
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mmmizmm^miJUL, b vy*i/>ft&£ft??&TX3 nmmmLtzo ¥%Mmm 
xi±, b v y'^yft&Txvfr^j )ix-hmm$titzm8 ) G F^%3s«Biia©±?s 

f &£cdna*> e> ® jr $ n fe tr u * > © y y a #! jg %m%% t £ tc vmrnrnm © 

Jg§l±?S ^©^-Ol^^HJiKU total RNA£fSitibT^ F^HN^ra — 713 bT 

teLteh^Zt-hmibfrtte-Dtzm 1 0 ) 0 £ £f~RT-PCRJ~ J; ^GFP©MlSWcDNA 
©^^©^h|eJ«©F©^^g|3tetZ#^-r^C t (Ell 1), Sfes flbfOaHSdF© 

^M^f^gp^^U #;i/&RNP#l3i£X/W ^iil*f It^fc (H114)o £ 
££ N VJJ)/X<D¥£mz&m$}lzB.foir2>&ziu-( K«g£-IgG(antiF,antiHN)£ 
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iiF£HN©§SHfr£>&£ d h#BJ3£*>hfc t> (El 1 2 )^fr^—Mfl&(D£.mtZ> 

f g a d © tr u # > t> o & ^ fttofi^ tzo 

<Total RNA©ffi£tk y — +F > 7'u ^ h |?f/f N *5 «fc OTT-PCR> 

F ^3^*fflBaLLC-MK2/F7td -f ;^«IT 3 0 @ ©t£«±?ifr> ^.QIAamp Viral 
RNAmini kit(QIAGEN)&flH\ ^(D7°u h =? — ;Wl|£ total RNA©fftttlSff 
o JfifMbfctotal RNA (5/zg ) ^*;i/A7JPr t F^tfc 1 %ttt7**n-^^f 
)\s\ZX%W)frW\^~~Cis>h^ 7^o.— AXn >^*^g (Amer sham Pharmacia 

*±)£ffl^Hybond-N+y yy'^y >lz h 7^X77 bfcofMbfc^ >7*7 >f;£0.05M 
©NaOHTEI^U 2{^#f?bfcSSCH1»?$ (Nacalai tesque) 
X i; -tf— 3 (Boehringrer Mannheim) T?30#|ig:r WW 7 V *V -If 

—>3>*ffofco S^3^>y-> (DIG) -dUTP(T;b* U^^t4) 
yA77-f A DNAt^f^ri (DIG DNA Labeling Kit, Boehringer mannheim)tz <fc t) f£ 
fi£ b fe F & 5 ^ «HNjie ^ © X P — ^ £ M b T 1 68$ 7 W X U X £ o 
^©^, ;>< >Xv >£#fc?t b"^ U 7 *7 y * * — -fcfflMJ/LDIGJ/Lft: 

(anti-digoxigenin-AP)£:SJ&<*-B\ DIG ditection kit£ffl UXi&tir bfco ^© 

m^n-r, FjHs^A^-f ;u^yy A±(i#£b&i^ h£^^h&^£:(E! 1 

0)o 

$ £>£RT-PCRtC <fc !5ffif«ffl*filtff&ff ^fco RTHPCRliJfifSi b&'^'f ^XRNAfc 
SUPERSCRIPTII Preamplification System(Gibco BRL)&flH\ ^©y°D h ;i/ 
H^first strand cDNA fc^-fiKU LA PCR kit (TAKARA ver2.1)£fflOT#:© 
J;a^ff-ePCR*fT^>feo 94°C/3#S/fc^ 94°C/45#,55 o C/45#,72°C/90 
1 tW bT30 ^;b^ti^bT72°C-?:-10^F^K^, 2 %Ti5u— x 

y;i/-eioov/3o^mm^c»jbTi^-^'7Axn-^-r k^u st^bfeoJet^ 

£ F^gP&tZ^A bfcEGFPCflg^Kffll^fcXv >f V — (^forward 1 :5'- 
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atcagagacctgcgacaatgc (BE^US^ : 8 ) , reverse 1 : 5' -aagtcgtgctgcttcatgtgg 

Jiforward2 :5' -acaaccactacctgagcacccagtc (1E^J#-^- : 10) , reverse 2 
: 5' -gcctaacacatccagagatcg (BE?!l#-^ : 1 1 ) N ££>t:: N MjUS^ h H NjfifS 1 ? 
h<Z>Hliforward3: 5' -acattcatgagtcagctcgc (BB^US^ : 12) ^reverse2^° 
7^7- (BE#I#^ : 1 1) TffTofco GFP©mfc^te:cDNA©jplSI©Pg 
hlRl^©F©^gP{55[^#i£-rsc:h (011), flbcDaHS^cDtej&ii^ 
M £ I^UlT? filigLfc (EI 1 3) 0 WlC-^A^^-f^SM^i^" 

§y r>-f ;b^^«©tg#±^ff&28,000rpm,30^P^M^ bT £ >f )ix 

lX10 9 HAU/mH3^^cta(3l0fg#|RbfePBS(Z#®^b, *<D—ffi& 
3£&Wktt 4 v MtlTltSMi^tfco 3.7%*;i^l> 

>*^tfPBSH«t (3 15#RgH^£!LJl&, 0.1%BSA^^t?PBSJ§M^30^BU«iaS b 
, £ ^t3|sJMT200^#fXbfcfnF^ y ^ □ ^— ;i/fnf* (f236), ££i±}5WEy 
>7U—±)\sm* (Miura, N. et al., Exp. Cell Res. (1982) 141: 409-420) £ 
^TbT«M^-e60^P H 1M^^^^o ^©^"U v r£PBS-»?f bT, 200{g 
b D ^ KJSSfBJn;^ ^7 X IgGf/Cf#£^T bT N b < «S^-t?60^P^S 

h©±^4%©S^^r7^ - ^7A^rt^2^P^^b^^^:feJ:, JEM-1200EXII « 

^^IfiljgiiFiiHN©^ W^fffr£>&3<r £#80 t) (EI 1 2 

) N ^;wi— mM<D&M-$- z> f * * © tr u •* y izmmmzm t> a s tit 

f^'J pb^&RNPfif^^W ^iil^tLtl^c (H4)o 
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[H5E0II5] F^^SeV^** — (CfcSin vitro^©^&«^©i^$J* 

o ttJgl8HSD^y h (SPF/VAF Crj: CD, M, 332g,~9 3S Charles River)^^^ 

£>)&J££?&m LJ&J*0S£t2J D HH£I!H£Ifc D £t! bfco f£{M»ITT A«Jf £ 
^Urt (5%^vifii*i ^5%^Jfilvi , 10%DMS0£^tf) DMEM£if£ U 77^^Lt 
TiR^tfrSPbfc^W (1.5U, i^-r- 4 >0.2mg N fJi/U.Wi T)\yy^ >0.2mg 

% y;i/3-^5mg, DNaseO.lrag/ml) £ftP;L, 32°CT? 5 ^^(E®l«#bT15^ 
>f >dpi^— ^>3>bfc 0 ?g«?S* J +^® t) x iSlfr^^iaffii:* ^ fc c i: 
IS b T £I£Htf-# s «' £ « ^ J~ & £ * -V tf.T << > ^* £ £i t) b tz o 32°C T 1200rpm 
bfcf^lfflJl& ; £B27 supplements^ bfc neural basal medium (GibcoBRL, 
Burlington, Ontario, Canada) td MMM bs # U -d- U ^ > (Becton Dickinson 
Labware, Bedford, MA, U.S.A. ) T' 3 — =r J > P £ tl tz 7 \s — b ± lz 
lxl0 5 cells/dishi§£. 37°C\ 5 %C0 2 "CJ^«*fTofco 

?©*lJ^WtglWi« 5xl07well& 5 nmmmW:, F^fe^SeV^^ 
-^^^^-y- (moi=5K £ 3 sr^Slbfco 1% ^7^A^rtFs 5 
% -V^jfiLff, 0.5% Triton-XSr^tfH^^ 5 ^flggMTfB/E U BlockAceO 

ep?l^)^t^^ 2 ^p^7"d ^ ^>^bT500fgtz#f?£nfc^;¥Jn;^ y h 

microtubule-associated protein 2 (MAP-2) (Boerhinger) IgGh ^iST? 1 fiH 
^ >^o.^— > 3 > bfeo PBS(-)T? 1 5^13 3 0^^ 5%-¥^Jfll?S/PBS^100 

^(ZPBSC-)"^ 1 5^St 3 E$Jfc$£gK IIBJJSf- Vectashield mounting medium 
(Vector Laboratories, Burlingame, U. S.A. ) &2jn x. s 2£^;&S!8K$£ (Nippon 
Bio-Rad MRC 1024, Japan) T? 470-500-nm £ tec 510-550-nm ©excitation 
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band-pass filter Ztttftz Nikon Diaphot 300 m&mffiM"eMP-2<Dft&%£& t 

GY?<DMytiz&2>2nmei(Dmytm&&fi^tzo z&ifem, map2 m^nmmmiz 
&m&m£ioo%mx$ntzzt&mt>fr£te^tz (mi 5) c 
<iESt bmm^(Dmx> 

Ts^rux) \tt&*mms>hmx\s, sfm cs-cjgttb* y h- (-b^^fAX) -e 

37°C, 5% C0 2 T-J:S#bfeo 

lEf t h¥?#l5M (EI 1 5 , Muscle), lEffc hJ!T« (EI 1 5 , Liver), IE 
ft bB%mifD.mftJ£.mM m l 5, Lung)^©t hlEfmtcF^^SeV^^ 
-MUt (m.o.i=5). GFPS8SI£&&b&o l^iTft© «(~:fe^T * 
%©^A*»^;£/&GFP«lS^g3M£bTl^;: (0 1 5) 0 

x-r>x^^#M*fflJiS^ U >^yV-A-t^lLt, F^MSeV^ 
^-^^^•t^Il^lTofec £t\ C57BL (6M^S6) ill50mg/kg (3 

«fc -5 t'5-fluorouracil (5-FU,Wako Pure Chemical Industries) £JKJ^F*tf± 
It (IP injection) U©#2 ^Ifi <9 #8&*fflflS£IIIiK bfco Lympholyte-M 
( Cedar 1 ane ) £ m ^ fe ^JS IBil^ tiot £ b o 3xl0 6 (D MM&M 

flgl-fcTU bT^-^->^|jS$nfeJn;CD45R (B220), JnLy6G (Gr-1), J/CLy-76 (TER- 
119), m (Thyl.2), m&c-l&lfe&ZlttzX hU7 rTt*^>Miltf-X (77 
-*^i>*t, :7±^>*t) ©rM^bfe^©*3xl0 7 ^in^ 4°C^T 1 B^F^SiS 
M5(CJ;D, Lin + ©IfflJJS^rl^^fe^ilJ^llliRbfc (Lin ») (Erlich, S. 
et al., Blood 1999. 93 (1), 80-86) o Lin «4xl0 5 W(C^b, 2xl0 7 HAU/ml 
©SeV £Jn;U £5>t~, ffl.m*.7 y bSCY (lOOng/ml, BRL), IMbFIL-6 
(lOOU/ml) * i0if:o * £8xl0 5 © h - # ;i/ # «g *H JBS f~ M b T F & fl SeV 
4xl0 7 HAU/mb lxl0 6 ©MBS^^J- b5xl0 7 HAU/ml©GFP-SeV^iPx. fe Q &:Jb\ GFP-SeV 
fdu SeVlE^o.- y hpUC18/T7HVJRz.DNA(+18)( Genes Cells, 1996, 1:569-579)©$!! 
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iz m m m ( ri ) t ( R2 ) v ± ^ t k& ( i g > mm & mm u & Not i m * &pcr \z 

«fc£if*I£-t»\ lALt^Lfe. M©7}&(Genes Cells, 1996 , 1 : 569-579 ) 

nc-mzmm^o v ^ wmw &m^x GFP»e^ £ ^-t? o ^ * conrnm £ 

fcfts ^fflSa^^n^n2l¥{3^(t> ^ttt7^xijxU> (phycoerythrin 
) (PE) WMifL-CMn (c-kit, Pharmingen)£ lBSMSJfo£-B\ b^-mtttmffi 
t Ltzo 3 OPBStZTiJfe^Lfc^x h ^—^ (EPICS Elite ESP; Coulter, 

Miami, FL)(Z J; SffPtff o fee 

^©fi^ itort©primitive#*ffl^©^— Tfe^J/LC-kittJtf*-e^> U 

bfe#ii*fflj}S^*jF^^gysev^^^-«^i^ Gfp&fe¥%m&mm£tifc ( 
ei 1 6 ) 0 mm±m*<D!&%t&n?<Dmmte, mmmm±m^ v u r^y-emm^ 

, LLC-MK2 U 3 H^^GFP^*fflfla©#ffi©Wffit^«t t3fT^>feo 3. ft 

h(F334/Du Crj, 6 Its Charles River )\z£M&Mik W%WM) 

<t s j^si* u 'brnmrnm^m^mm (david koto±) ^/b^t^-ok* 

©Jg-^frofco JS-^-gfl&teinteraural linej: D 71/^7 (bregma) --\5.2mnk 

^If^.Omiiu J$iit® J: t> 2.4mm ©fill: 30G ©35J^£KHamilton*±) 
-£20^1 (10 8 CIU) axtfeo ^Si:Jr^©±3Sc«IBJia^GFP©iS^^3S*s||lS^tl 

Lo z±&mM&tz\zwmfflmz l^gfp* >^R©^»*nii£ti -f\ znz 
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[H»'J 7 ] ¥XmSeVfJ Afr^©F-less^ ;U^*£^©7M; 

<1> 

F#%J|LLC-MK2M:fe J; t/F|gilLLC-MK2*HJ§a(LC-MK2/F7) (CF^JlSeV^ ;i/ * 

©HA assay ©ISM£^b£: (0 1 8A) C e©^«±«?:^n^n^WISI'l3(3 
^fibs 2 0i£#^©l»©^S?$©HA assayClS^^^L-fedll 8B) C 
_tg|$© rcj bTfflv^cPBSS^^-To Dilution (#fO ©i^te;^ 

;i^?t©#fR{g«»-ro ^?>(3> m^mmx'EAm^^^tzmmm(ia,ne n 

:fc«fctJf lane 12) £|g|i UTtg#2B^©^^M©HA assay£*To 

(mi 9c) 0 zcDm^s Fxmse\^ 4 ^x%mmLfzmmMmm£tzte$£wnw 

-£ fiHA^ Pit* iz & f, -T\ #g WIS^P £ USES b T & -f *^ < ii £ ft 

"T, - ©HAB§t£© £ ;i/ 7s mi)^^mm^tfits:h ^ * CD £ ¥0 TO b & o 

<2> 

f imb sim t mm $titz ftmmn t? << k x m iz o » * -r & iz 

MSeVfr5>QIAamp viral RNA mini kit(QIAGEN)H =t <9 MM bfc total RNA^FJfilS 
1, tR?l, Sfe^iF|gillfflaa©l : g#J:^©^^;^^**©RNA©v^-rt^^)HN^lfe 
5&*»ofc(iai 0) o Cl©HA|^t4^#^ffi£ s &^?$fCl;£F^S^V A^otl^ 

^^©^^m^^i^-r^- h^fiJTOL^o ^^{^s ci©HAHt4-e^ 

^riP^ KMiibfeFSe^S«^SJ/L^T-ii:SiSb^^ofc(EI2 0) o 3 
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f'J^Vi: It JfcfiE £ tl § Z. t m L & o F#3& T? SeV t"Ut> a^j^t? § 3 
^htt1"C*(l^^n*5t3 (Leyer, S.et al., J Gen. Virol 79, 683-687 (1998) 

-dTzo Z(D£o &F-less t'Jt> ^WM^-il^^MI^M"? 
SeV F^fIRNP£^fetf V^>£^«^B#^#£«I h£^LT^3o 
<3> 

V — A(DOSPER,Boehringer mannheim) UT ^ ^ST?15#IH>r >^P^^— 

# - ^ ^ i; # v - a t m& t & o m^-Ji^ < wmmm tmm £ ti & o ^ © 

©dfcTU F#g51«-ettGFP^MSS(ilA^ oT ^ z? u — fizzhifi 

mm^ntz (m2 i) D z(DZ£&e>, &nmm^-mwizmm£ntzmm£<D%s: 

[HSfBfll 8 ] FHNMlSeV^" yA^^^ Jl7,(DWmm^ «t t^iSS 
<FHN^«>rV AcDNA©«^> 

FHN^SSeV^V AcDNA (pSeV18 + / AFHN) ^ -fpUClS/KSSEcoRIt; ^ 

fbb-rpUC18/Eco£|g|IU FjHs^CDM^ K^fr^HNjSfc^CDJ&Jhn K>£-£ 
©|tg©^IE?iJ£ (4866-8419) BsiwIgMfc(cgtacg)-Cjg*g bfifig Lfco 

FHN^»gBti©iB^J*'>— ir>^^ffiliKbfc^ EcoRI:7^^>b (4057bp) £ 
>f;i/^^[p]JKbTpUC18/KS©EcoRl7^^^ > hhf ^Itilbfco 3CDFHN 
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^jS^J^S^tpKpnl/Sphl -7 -7 ^' > h (14673bp) £ ^;HI]iK LT pSeV18 + © 
Kpnl/Sphl^^^V > h JiItM, r^** F pSeV187AFHN fim^Htzo 

— Jj, GFP£#AbfcFHN^fISeV cDNAO^^ii^© £ -5 i^T o fz 0 pSeV18 + /A 
FHN fr^Sall/XhoI:?^ ^ > h (7842bp)£[I]iK bTpGEMllZ(Promega){;: * n - 
— >t?L,7°^X ^ KpGEMllZ/SXdFHN^ b£oFHN^g|Pfu(;:d2EGFP (Clontech) © 
ATG-TAA (846 bp) (7)(^$^{'BsiwI^u§ft*n b^PCR»^BsiwI^*T-^'fb LT 
, pGEMllZ/SXdFHN©FHN^Mg|3{iI©BsiwI^ui3?l|gb}to ^tifcr^X^ 
pSeV187AFHN-d2GFP h Ltzo 

^bsHN©0RF$r^t?7v ^' ^ > h £pCALNdlw (Arai ^ , huIB)©-^-— — ^ ^Swal 
mzmXi,, -7°^X ^ KpCALNdLw/HNh bfeo 

LLC-MK2|fflfl& id pCALNdLw/F h pCALNdLw/HN £[sl«£fcte:^&3«l±-?: rg^r b , 
mammalian transfection kit (Stratagene) £ffli^ffl:7°n h u— ;W-#£oT3i 

e^^A^^ffofeo G4i8^ 33ip B iM^bfe^^n-->^bfeo f# hnt^mnm 

t£^n — Xi^tl^'ftCre DNA 1^ 3 > t*^— M^m^-f ^IH^X-T-rV ^4 JIX 
(Ade/Cre) fu 13) b (moi=10), F^HN^fi If <Z>i3§ailg5i 3 S^lffl 

flg£PBS(-)T: 3 bTHUKU ^i^^^^ny^-f > P £ ffl ^ X f/CSeV F 

^mSeV HNSSff©^ ^n-^;HgGMcfc D*£ttbfc(E12 2 ) Q 
<pGEM/FHN©*fiil> 

pCALNdLw/Fi:pCALNdLw/HN$r1#^^ffi^fcFi:HNy'^ > h &^n^tipGEM4Z 
N PGEM3Z (Promegatt) K £ n -n > pGEM4Z/F^pGEM3Z/HN£|#fc 0 pGEM3Z/HN 

£ H] 1R b N pGEM4Z/F©F?tl5 ^ T $t ©Saclo.-— hXWffiL ¥*fsHb b £M£ 
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mnM^EJ 5 n±— )]/tfifo-e?7 >y"u >^&m\FhHN[S57j©M6 

mzmmizftm-c % % z\ t &mm bfco 

mNxmvj)i^(Dmm%k (po) &=-m*)\zft-ofc 0 —oitF^m^-oi^con 
mm t mmizmv F7^7x^>3>»fe 0 & a — okm-cFHNgi a$ft 

^y^^m^mmLxnmm^n^tzo ^-rtioijjmzm^x&mmmLtz&o 

{±FHN±t|gig$fflJ^-T?iili^tTo feo FHN^JlGFP^gilSeV cDNA (pSeVl 8V A FHN-d2GFP 
) , pGEM/NP, pGEM/P, pGEM/L, pGEM/FHNfc^ft^ftx 12/zg/10cm dish, 4//g/10cm 
dish, 2/zg/10cm dish, 4/^g/lOcm dish, 4^g/10cm dishOSib^M-n- b 
^S, 3ml/10cmdish), fuM bfcF^?ISeV(D??#tfj|^ ^ti&77&TLLC-MK2«f;: 
lf5?iALfeo 3te^^A3B$r^tS*^AraC(40//g/ml, SIGMA), h U "7°^ > 
(7.5#g/ml,GIBC0)A»3©MEMK:£glU £ h \z 3 H mtgm b&o 3te^*IA^ 2 
B @-£§l^f»Mt^iI^ U pGEM/FHN©^©^©^ £fttiE GFPfgJS 

to lsfzM-&teGN$&MMM(DJi;tf #sfif f££tu pGEM/FHN©^n*s^^Jg^r(iGFP 
^ig(i^>^;Hffl^Tb*^^^tL^^o/r (EI2 3)o FHNSfi^^l^^^n 
T &Zt^VJ)lX(D\i^)X>tfBl%£tlfeZ.t%:^lsfzo — 73 > RNP h7>77 

^ ^ i> s >©ji^f^i ^ iHianpi©FHN%iMjia-e r> ^ (Dmmzmti b£ 

(02 4±) 0 

Ade/Cre & b T 6 B§ M £ FHNg a ^Sl^^il £ ft & IfflJJS £ FHN^JI <j? 
;i/^M^^bJiipI^-t:^}fe^ ^*fitlf,bfe (0 2 4T)o 

FHN {R m GFP £ $g 31 -T 3 cDNA S #1 ^ <* ft fz t> 4 JV X ffi. It LLC-MK2 , LLC- 
MK2/F, LLC-MK2/HN, LLC-MK2/FHN£*gS2fe IT h U 7°^> J§H Ltz 

o Jg# 3 HflH::GFP§fifgSa«©j£^ ir) £flg^ bfc £Z?>s LLC-MK2/FHNT*©# 
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fhn^ji t> 4 7 k & mm -r s tz & s llc-mk2/fhn£« ^ 0 ir n tz 

±m%:M>bVtc.ik, QIAarap Viral RNA mini kit (QIAGEN)T ^ (D 7°n h3-;K: 
t^oTRNA?dSt±j^:tf ofco CI ©RNA£: Superscript Prearapl if i cation System for 
first Strand Synthesis (GIBCO BRL)iz «fc D RT-PCR©^ > r b — h ^^ft ^ 
TAKARA Z-Taq(SM?S) l^TPCR^ff o fee Wmmi F ^» ^ 
oPCR^^-te M«fE^^GFPiie^©^^r^-y-, S&fctMjfrg^i: L»<e^ 
©II^t^^ffll^T ofe(M3tfE^hGFPite^©m^^-^ii- (M-GFP) C^O 
X forward: 5' -atcagagacctgcgacaatgc/IB^'J 11 : 1 3, reverse: 5' - 
aagtcgtgctgcttcatgtgg/IE^J*-^ : 1 4; MthIe^ LMIS^cM^^i t>i± (M- 
V)\Z-d\^~C\± forward: 5' -gaaaaacttagggataaagtccc/gH^JS-^-: 1 5, reverse: 
5' -gttatctccgggatggtgc/@E«-5f : 1 6 ) Q MhGFP3tfc^£ ~7"y 4 

V - £ ffl V ^ ill^fiRT^T "t- F^li h FHN t & & tl >7 >T )l X K ft & ; t > p 
^tti^tLfeo M^LMfc^r^^-^ffll^ili^ FHN^ffiii:GFP£:^A,£: 

© -< x<d>* > f tmta £ f^« ©ij^HNjifc^ & 3 a, £ x-e s < 

(122 6) 0 

— fmx.mvj Kx&fftttfflmfcYxmtmmz&giLx^ ^#lt4 h@ 

JgH±?i*lllJRL, LLC-MK2, LLC-MK2/F, LLC-MK2/FHN^©!&§fS5£ifc£fTc>feo ^ 
GD*g^ V^t i ft©^^$fflJ^i3^V^T^)GFP|giMJia^||^^ftt i \ <lft^©«-\ 

©i®3fH4;& s & i ^ i: £ ^ b o b ip b s Fg 6 £ i' ;i> * ffi^f § 3 d 
^-TT^fg^ft (Kato, A. et al., Genes cells 1, 569-579 (1996)), flTJH 

& 5 r v t n mm e u -tz 7° $ — ( asg-r ) & ^ b t ra jjs {3 #j tz mm x & 3 

dfc;&MS£<*ftfc (Spiegel^ J. Virol 72, 5296-5302, 1998) G ^oT. FHN^Jf 
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$ ziz,?w&ftmfflMfrbM&$ntz\z u#v-a ( 

50// 1CDD0SPER/500// l/wel 1 ) h CD^©^M^FHN^JE« ^ (i#|gIlLLC-M2 
IffiflSt'MLfeo ^©^^ fuj&bfcF-lessli^©^^^ D0SPER£?I-£L 

-TifflKms bfca^^ttGFPfg^JiSfflflacDje** & ^n^^n^\ HN-iess©tf <; 
r zmmm^mMmmvt, $f;iwEtiibtim spiegei 6 

1. ±{zM^fcmTti<ig^nfeF^JIRNP{^F-less©r>^;i / ^ai>^n — 

2m U *fctt*fe^Ai«lll^3»a^ffl«fca**©^^J8Sl-*ALT (RNPh^ 

Aifflsa -e g # ift rnaum s (i g a * £0 b 1% ( -y Z> Z t # rT f £ S o 

2. HN©iTOl*l K^-T >§SU JHBIIS^K^-f >&#©V-br^-*iNfSW{3^ 
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# -izmfc^fem, v??->tz¥iz.jfom aim t* & & 0 

4. ^ft£TM3, t>^^^;«©^yyA, NP,P,Li:F»e^-c«fflfla{3^ 

k a it^-^fVA & ^£?Fg e mkxmm ^ntz^v^y tm^z ft 

(Leyer^,J Gen. Virol 79,683-687, 1998) £fc N V ->^© S JM^ 
>^FIfit^>a- NbLfc^*— fcSBS^ftT 1^3 (Spiegel £ J. Virol 72, 
5296-5302, 1998) 0 FISfA^ h- >j :T>> >^$P^£ft£:l£ASG-R£/r LTffF 

J3i*HJ§a('^s^^ #—fy r 4 > £ § £*KS<* ftT ^ S (Bitzer 
J. Virol. 71, 5481-5486, 1997) Q Hu©?fi^©^tt— jflW^^BfiK^T-fe D , 
^^(l^^^— ©*4^[l]iR* s BI|-efe^o^feSpiegel £{±-fe>^>r FgS^^i 
— K * -f -7°^ b fc V h n^^;i/7^^^- £fg^LT<^3#\ b hn^^fjbxii 

i&£ftfc, FHNitMISeV>>-r;i/X^V A^f$^, Fie©^x>^n-7Sfi^ 

immmi o] FHN^nsev^v aa^^ ^^©sfli^cfct^Jtii 

t? <i X f J A £ * n - - > cDNAfr £ JSIfe Rjf £ & ^ * * S« EE "T 

ft fco 
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^HJil b"C U 17 t > fc? > £ #J I T V #nj^£>©^ (Kato, A. et al., Genes 

cells 1, 569-579 (1996)) -e& N U 7 7>t^>ffll5^C, AraC£itfeff Ltffl^ 

J; < ff o Z. £ Ltc 0 

3©g#m#\$fflJi§ff-£T7-rn^-# — JdJ; Ste^ftfeRNAfc** y t>^LT5 
T >7 ^rPsoralen-Long-Wave-UV^-tr-^il-r £ ;hia^7^^>-7^^^ 
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V=?\s y tW$.Mmm%^ «t 5DNA^7 n -X V > * > VIZ «fc t) x DNA£^V A Id j$ 

(DmiZ&ZVJ )\'X<D^fe4h<Df6W&&Wz$>z>t>tlZt%7L btlZ (Tsung, K. 
et al., J Virol 70,165-171 (1996))o 

h# s RT#£&fc#), ##tJ5&<Z>8&4^ ?bt7^y-7^^;^0 
2>£%X.Z> 0 ZZ-C&ftWmbte, V^-U>tmm% (UV)©fi&tfcfl*U 

s> - t t> 4 )vx (o^mt com* &$im l & 0 
<mm> 
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£\ T^y — P Brftlz & z y & =. TO 4 )is^(D# J 9 — (Dfflfek.^ T7-7°d^e — # 
— ^SBTpGEM-lucirv^ 5. H\-fe>^ )IX * =-f J A \Z «fc £T7tf U ^ ^~ 
^^©^(Cfco-rff ofeo -b>^V •W^* A(CJ;^T7^';^ -5- 

;i^NP N P. & %MM-f 3pGEM/NP, pGEM/P, pGEM/L^;* ^ K ^ [sIB$^$fflBa^ 

M^^M^tlfeo LfrU T7^U^ — fc??Sf£i^ ^^U>mmm, 0.3, 1// 
g/mligJi^b^m-y-Ts lO^g/ml-ett 10#©1 31g£M'J>bT^fco (02 8) 

o 

T'©^TiiT7^'J * ^— -ifrSf4^©^#{iM^fL^^ofco 0.3// 
g/mU 3 0^M*f©^f«(i, T7# U * ^— # # — £: 
1000#<m£g=^'J>£^S;:h#-T?£fco (El 2 9) 

b*> Lftifi 9 4 9— ifilOOOfrCDUZ £-£WP bfc? >? f=.7t> -f )lX^i>m 
mmcD#-l (3^»LTmoi=2 ^ * — -£moi=0.002) b 

^tDhtefr-itz (S3 0), 

ofco 6well© v-^T >7n7°lx- h(3LLC-MK2«^3xl0 5 *fflJ?a/well-ei!(#. 

b PLWUVMSfu © ^ # -JH^T 6xl0 6 pf u/100// li:*5<fcai:7^'> 
-T^;ux£#|RU PBS&^&©*fflJ8St::®2fe£^fco 1 B#fB©J82fe^ 100 
>t/l©0PTI-MEMH7 , "7^ * h\ pGEM-NP, P, U bTcDNA£^*l^fll, 0.5, 1 
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, 4jugtlJU^fzi)(Dlz, Superfect (QIAGEN) £ 10 juUNtLs §1^1 5ML 
tc^k lml ©OPT I -MEM (GIBCO) (Rif. AraC&^t?) £ < USClSbfeo 

h^>^7oi^i>3>^2 N 3, 4 Bgt3«£|HiKU ia/fr^ 300>u 1 /we 11 
©PBS«Mbfco &<5l^til0fg, 100{§#fibfc«im$100 

# 1 * SIS^IO B S ©16 WHIP 4 fi-T oggg b ( lxlO 5 , lxlO 4 , lxl0 3 OT 

(^l)o lxl0 5 W£}gfib£:ISIPJ©-5 t>s HA?£t££ s feofcitll3£ — 
j£U 10 4 T?fci:+j£u lO^fctS^f&^T, mmmomm (Reconstitute Score) 
(EI 3 l)o fHfoSte* 1 ©it S o 
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Kit^'JUT, jai*Ufe*©^dC<«:ot^fe (03 2), 
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(i3 l)o mf&fc^ h7>X7i^i'3>|t:aof;'7^-7')^MON 
5pfu/10 5 cellsW±T*{i3&^ofe 0 *M qjf£& V 7 is=-T t> 4 

;i/X©^g(i0.005%UT{;ffllX. <btltzo 

[HI^li i] ^a.— -r^ypj ^-fjixcoftm 

<i> vsv-g mfc^mm*mmm%T z^^^-mmcDftm 

VSV-G 7tfE^»«MP*m4^*bTV^§^to, Cre U n > hT^—- t?l3 «fc t) 
VSV-mte^mWfimmm%£ti%£om-\-£ftfz7°^X^ KpCALNdLG(Arai T. 
£> J. Virology 72 (1998) plll5-1121) LLC-MK2 «T ©$/£># At*© 

lEm&fi^fco llc-mk2 mm^(Dy°^x $ pomxiz, v >m^jv->o ( 

CalPhosTMMammalianTransfectionKit, ^ n — >y ^£t$S0 izJ;Ds ^ft^ — 

lOom^U — h^ffiK 60%i3 >^;i/oi> h fe4f Ifc LLC-MK2 fflflStZlO // 
gCDy^^K K pCALNdLG £a»A^ 10 ml © MEM-FCS10% tgmzx, 37°C© 5 % 
C0 2 >^r^^-^-^T24^^±g#bfeo 24B#F B mtI«£IWU 10 ml© 
&mzmm&. 10 cm i^ — U 5$C&ffl^ 5 ml l*fc, 2 ml 2ft. 0.5 ml 2«CH 
Jg# N G418(GIBC0-BRL*±M) 1200 //g/ml£^&10 ml © MEM-FCS10%igJ1fe-eJg#i 

2Bmizt%m$imLt£ftt>, uBmrnmi^s «i£^©s^#A^©?itR£: 

P^m^T 2 8tt§rH]iRbfeo n — >(±10 cm — bX^i >7 )V^y h iz: 

& s s t it ^ m & ffi \-y tz o 

AxCANCre&J&Sfe^ Jn VSV-G 7 7 D — ^l/Jnrffc&fflV^ VSV-G (DftW&VXV 
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■W^* AxCANCre £H?j££©;£i£ (±SH) iz D M0I=10T*^^ 3 Hfelig* 

ufec m®m&i%M±m*m i im^tzi%i, nmrnm^mfti., 0.05% bvy-> 

0.02% EDTA(:n^u>^T* > 4 M) £ a tfPBSMfnt 0.5 ml^jJOX.^ 37 
°C, 5&mJ >^^— htSC ^{3«fc t) i/* — «3SiJ* s L7co M$fflflStt3 ml 

PBSiitciit, 1,500 x g-e 5 ^fpgsS'fr u «=&itofeo f#?»ixfe«!i 
£ f>{c2mi n$mmmzn&.mm&, 1,500 x gTs^fajs^arrac:^.^ 

*ffl as & -2 0 °c -e -r § c £ * s rt t e t\ ^ g m c t a? ?« l t « -r s - £ * s 

•f^So UtofciTOiilOO /zL © MMJM (RIPA ?\yy-r — , ^-U>#- 
vww A*±§!0 (ll/->lfeH xl0 5 « 

^H^ifflit>7;W^>y7 7- C6mM h'J^-Il (pH6.8), 2% SDS N 
10% ^u-fen— ;k 5% 2 -^;i/#:7>aL# y — ;i/^&3llMO 
U 9 5 °C 5 ^7JPtM*«mr7lclfeffliS*4^#t bfeo §«*4£ SDS-^'J77'J;i/ 
t ^ h*^;i/ 10/20. m-ihmtm.) tM^itJ; t>#BL 

. ^I^nfelfiSife-lr^ 7n-j/ h^l:«fct) ( Immobilon-P 

TransferMembranes, Millipore \Zt&& L7c 0 fe^teu 100% — 
;MC2 0#\ 2kil-B#IIfl§Lfcte^jBI£^/BU lmA/ciii 2 £IS(Z)|ttT 

mmm^ <fc tM o % r n ^ > rmwL&^ts pbs mmmx- i/iooot: 

#f^Lfetn; VSV-G ffifo (^n-> P4D4, y^"?tl) 5mlSt--^t^ 
t:Atiti/-;H^ 4 0 C-tr#S^i±feo 

2S4 0 ml 0PBS-O.l o /oTween2OC5«iU $c 
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femwrnis <fc t>* i o % yu v * y ymm^ts pbs mmmx 1/25001: 

# *R L fc ^ - ^ * is ¥ - -fc? t? II £ ft fit ^ ^ ^ I gGift (anti- 
mouse immunoglobulin, Amersham %tM) 5 m 1 § £ ' — — JWt ^ ¥\Z. Aft> is — )]/ 
£ Ltz'&, SSt 1 Wl^tfco 
SMf£. WIS2SPBS-0.1%Tween2 0!:5^FlilU 

ISt^S (ECL Western blotting detection reagents, Amersham ttS?) f^cfc^ 

3^^-To3 ^n->T\ AxCANCre^^^^W^ VSV-G ©$B^#tfetH£ft^ VSV-G 

ans^^i * -r a llc-mk2 m ifimu zntzo 

u—Mr&fTofc (Ei3 4)o *©*sm^ LLCG-Litfti. vsv-g mfc^mmmmm 
^mmzm^tcD^m^tmta^n, vsv-g # w^ic^MM^iggi^fts 

<2> ^;Wi — «&ffl<^fcF jtfK^^bfc^V A^tt^^a- K*>f 7° 
F Ifi?*^Lfe^^^SttS-b>^'>'fM* VSV-Gjfifs^lgiMJja 

, ±IBHifS^J{"H3*©GFP3lfE^^^t?F ^3^-b>^-Y <^ ;i/*£fflt\ GFPM 
e?©IB31&Ji^tcai^fco ^©^SJPL Cre 'J n > tf '^—V^m&frmZ-T^ 
J >W ;i/*AxCANCre £f« Lft i^LLCG-LlTii, F £>f 

s&£«fc *) )vxMte?ifim\$ti. GFP^^fflj}gtt^m^n^^©©s 

^{±Ji^-T\ VSV-G£i£aI|gS!£^fc«-£{±, SB^WiZGFP^Iffl^cDiiiJD^If, 

fe^nfeo ^©±i©i/5M^f,t:, gffe^vsv-G £gi^g^£-tf fetalis £ 
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±m it vsv-g £ mm u & i >llcg-li« « l tz m iz mi^mx^ 
coco, GY?&mfflm<Dmm±m.isbt>n-&ti>^tzo i*±<Dmm&t>. vsv-g mmm 
faftmmzvj)ix&mm?zz£&m>sbt>ti.vs\-G tcot/^- y $4-7 coy >r 
^m-k>^4 & j )vz<D£.ffi&m.&> ztitzo 

<3> f Mfcttte^tzf ; A^tts^i- Y$>4 y°^y^4 04^^com 

VSV-G Mte^-CommmcomW&m^Ztil&s AxCANCre (M0I=O N 1. 

25, 2.5, 5, io) £'gx., -^a©F aate^s^^bfc^y ASWTS'> 
7°-t>v4 04 jix&mmk. 7HSfr£8B@©±?»£[HiiKu £ 

£>t3 VSV-G fSaSitik 5B@©GFP©|gJlbTOS«® 
Lfc^d^ M0I=O trttr>^;i / x©m^*^<l^fee>n-r\ M0I=10©^ 

f^l^^^Ji^fc^ofc (|35)o Sfc, SlH$fi<jfc:^>r;i/*M£fi&ia^fc 
8B@S"ClMI1?lfe (@3 6)o 0 4 frXljfficDfflfete, VSV-G fi#itu© 

annate i om-r^mmmz^Ltz0 4 jv^m^mtaL, mmmBBcom co 
ftmfflM&%L%.%>z£iz&r>, 04 jixm^comm^com-m^m (ciu) 

fee ^com^k, mn0 4 llxm&Mte 5 x 10 5 CIU/mlT?&ofc 0 
<4> F jf{E^£^Lfc^V A^tSi/a- h'^>f7 , t>^ ^^^xcDirL 

vsv-g iiftSffl^tf^fcF j&tt&x&iLtzy; A^wts^a- 

^ y-b>V4 0 4)lXfiK ftmzVSV-G ^ W^f 4ttS*CHbts J/CVSV 

#&ig^U il^3 0^#I^ VSV-G £f3f«|gS! LT^&^LLCG-Ll IfflJiSd 
J8*U 5Be©«f5^aSAfg^GFP^il«©%MT-ii^feo JtlVSV 

^VA*tt§-t>f^ V4 )IX-Cl±mfflifim.lto'btitefr^>tz (03 7) 0 
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^\Bm<btitz0 4 KZtiK HmzVSV-G $>m7'R?k^-rZ>is3-—\ s $ 
<5> ^>i— Y$>4 7"-t>¥4 0 4)lXfi$ F ^^yyA<feWt*SC:h©flllS 

^'-T 0 4 Jl/XtfV ?u — J'MKPP-^OX£ *)mWt$titzifL¥?>/V?W : £S Ou 
<6> ^;i^-«£ffl<^fcF:feJ;miN mBft^Ltz^j^^m-r^^^ — 

4 r-fe > #*-f O 4 (DftM 

F:fc«fcV HN Mfc^^K^Lfz? y 2±&m-r%>'b>y4 04 vsv-Gate 

^#gM«LLCG-LH3J«£-y\ VSV-G^Wz^iT £ h^^T'^'f;^® 
a^* s Me>n^7b^> ±i3HSfi0»J{-l2*©GFP3aife^S^tfF, HN&£:gHr>*V 

vsv-g &mfflffi&mttoi l zo4 frxifimfe-tzztifimsbbti* vsv-g t 
)o 04 frxjim&mm*., vsv-g mmmvmmz, 1 o^-r-^i«^^#iRbfe 

(ciu) ^^tofeo ^(Dmm, mmo4 )]sxm$Lm& 
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1 x 10 6 CIU/mlTrfeofc 



)o 

LLC-MK2 &fflj§&£ 5xl0 6 cells/dish -£100 mm ^ h Uimi3i§# s 24 B#Ph1^#^ 
. jfo$&&^g=J&^MEMtg:fcfe T 1 S^bfc^ 3 //g/ml ©V7l/>^II| 
m% (365nm) T: 5 #fS#L3ILfc T7 RNA #U * £ >J zi > tr^> 

h9^y-7^7^^ (Fuerst, T.R. et al., Proc. Natl. Acad. Sci. USA 83, 
8122-8126 1986)(vTF7-3)£^ST 1 B#Pa1f«£i±£: (moi=2) (moi=2~3, ft 

mzi± moi=2 *sfflv^n-s)o mm&, ^m^^^^mnmm^ 2 m^ufe 

^ N -y^XK KpSeV18 + /AF-GFP, pGEM/NP, pGEM/P, S^pGEM/L(Kato, A. etal., 
Genes cells 1, 569-579(1996)) &Zti?ti \2juLg, 4/ug, %Ug, 4//g/dish 
©*JtT? Opt i -MEMJgitii ( G I BC0 ) l:S!SU SuperFect transfection reagent (1 
VgVM/5ul ©SuperFect, QIAGEN)£AfU mUT* 15 ^riftfit, 3% 
FBS£^t? Opti-MEMJgflb 3 ml tzAftfc DNA-SuperFect ^^M^mM IT 

^#bfeo 3BfF^i£iiiL Mm&^&te^mugM'e 2 [U^U 

^>^-D-77t;77y<>F 40/zg/ml (AraC, Sigma) ^^tfMEM^fJfeT 70 Bf^ 
tgHLfco £ft£©8BI!S£±?S&IelJKU ^ti^n P0-d3 ^>7;^bfeo P0- 
d3 (D^Uv h£ Opti-MEMJgJfe^JSSbfc (10 7 cells/ml ) e 3 0^ 
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D M b X lipofection reagent DOSPER (Boehringer mannheim) t. b ( 10 6 
cells/25/zl D0SPER)^M"T 15 frmi&Wl,tz'&, ¥$&M LLC-MK2/F7 fflMftUZ h 
^>X7 ^2 is 3 >(10 6 cells/well 24-well-plate) U lfilvi£^£ ftl^MEMigtiil 
(40^g/ml AraC, 7.5//g/m h U :7*^>£^£?)"eJg# L&«, tgHit 3 B@4oJ:tf 
7 BBlZ±m%mW.L, Ztl^ti Pl-d3 ^cfcl>" Pl-d7f->r;i/^ bfeo 
<i>^n — * F+F|giji|ffiMe&> 

* N:i>^o-7777 ^ K pGEM/FHN &4jug/dish})n%.tzlW&, ± 

mtmmcDmi'f^n^K v^>^y ^^^B>^n^tz 0 3 ^ra^n^, 

/zg/ml ( AraC, Sigma) £ b 'J^» 7.5/zg/ml £^t?MEMigti!i X 48 BSHatg* 
bfcoigfiJi?il £^DP&^ MEMJgtfe(40,ug/ml AraC, 7.5/zg/a h 

Uri/>*^t?)^!S?B^ixfclOO mi Ahum 1 F LLC-MK2/F7 Iffl 

J»^?& 5 ml ^llbfio tg#48B#fS^ Zin£©*IIIflS£±?t£lI]iKU 
^tl P0-d4 -f->7°;i/£ bfco P0-d4 b£ Opti-MEMJ£fl& £!SRS&L (2x 

10 7 cel ls/ml), }|i££il!$?£ 3 mU^Mi.X F LLC-MK2/F7 IBM* t M jg ( 2 

xl0 6 cel ls/well 24-well-plate) b &^MEMtgilfe(40//g/ml AraC, 7.5 

jmg/m h 'J 7y>^atf)t^ilfco 3 BliJctV 7 BB£±«£®iR 

b, ^n^eti Pl-d3 iJcfcV Pl-d7i^>-7°;i/h bfco tb$<©fc#), M^frfr-fs 

x>^n-77-77^ f©<^&«]u ±M<DQt&Wih±< m^ysmx^m^ 

<m$mMM(Dii V>hlz «t 3CIU©$!I3£(GFP-CIU)> 

LLC-MK2 2xl0 5 cells/wellT12well-plate('^§, 24 mmt%W&, JfiL 

?S*#**^ MEMJgHb X 1 [H^f bfcflL ±HB©-b->r;KP0-d3Sfe{iP0-d4 
, Pl-d3 Pl-d7)£, HMJIW 10cm 2 ^lzlO~100f@GD|§l©IKl;:&2> «fc -5 

ml/well SDx.fco $f)^24 BMigSI^ mm*mftmMMTXWim U GFP|gg| 
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<CIU(Cell-Infected Unit)}l^> 
LLC-MK2 2xl0 5 cells/dish -£12we 11 -plate izM%, 24 

mem^ i \EU9c&Ltzfes ±MV->y^v (^-^n^^-r 

— ^ SeV/ A F-GFPi: l^-T) £ 100// 1/wel 1 Lfco 15#^ M£^g; 
MEMJgttfl£lml/well *P;L, £ ^ !z24 E^fgig* Lfeo PBS(-)T! 3 HI 

ffi&l<tzik. mm%&mm± («10^~15^Ml)x «£HI^3fc#>> T 
-teh>£ lml/well iJD^il^^mDI^^, STJ^^-frfc (#JlO#~15#^iS;K 
S)o PBS(-)T* 100 fg#f^bfc^^^i: Dli^^ti^l/LSeV^U ^ d-^-;1/J/l#: 
(DN-D& 300a 1/wel 1 jjPx., 37 0 C"C45^M'f >=3p^^— h bfe^ PBS(-)T 3 0 
a^L^ PBS(-)^ 200 LfciJi^-y-^IgGCH+D^^fiRItt — ifct/ttt 

(AlexaTM568:Molecular Probes*±SO£ 300//l/well ftP;L. 37°C^45^ra^ >3f 
a^-Mf;o PBS(-)-£ 3 EliJEitLfc^ ^gB$fc^T(Emission:560nm , 
Absorption:645nra^ : ^ >T ^SOT"^^^ 3 t fc (04 

0) o 

^fih U-t±sBf->r;i/ (SeV/AF-GFP) £ 100//l/well-»l& L15#& N HM 
£<a£&t^ MEM£lml/well iPx., ^^(324 B^WgjlflL l&'&<Dmtt& 
$fflSS ; SrM7 I 6^^T(Eraission:360nm , Absorption:470nm7 ^ — : ^ 4 

jH&y £ 7>)^ ;i/^(vTF7-3)©PLWUV( Psoralen and Long-Wave UV Light)#L 
LLC-MK2 mi&% 5xl0 6 cells/dish ^100 mm ^ h UM^SI;^ 24 B#f!Stg#^ 

. wnmm -t? 1 i^tfc^ o.3~3 //g/mi ©v^^>^s 



M^fH (365nm) T 2-20 MILfe T7 RNA # U ;>< v— tf ^^MT Z> U 
3 > tf ^ > br7^>- 7 ^ ^ ^ ^ (vTF7-3) (Fuerst, T.R. et al., 
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Proc. Natl. Acad. Sci. USA 83, 8122-8126( 1986) lz ^ U X 1 B#P^^^^*fc 
(moi=2) (moi=2~3, tftMlzte moi=2 #fflt^ ?,tLS )o «§Ifa^^^S & ^ MEM 
Jglfe-C 2 mift&Lfc^ "7°^X^ KpSeV18 + /AF-6FP, pGEM/NP , pGEM/P, #tf 
pGEM/L(Kato, A. et al., Genes cells 1, 569-579(1996)), £^ft^pft IZjug, 4 
US, 2jug, W 4Ag/dish (DMttX Opti-MEMJgflfe(GIBCO) KJK^U SuperFect 
transfect ion reagent (l//g DNA/5//1 ©SuperFect, QIAGEN)£A;fu ^.UX 15 
^^SSfBfts M^lZ 3%FBS£^t?0pti-MEMigi|& 3 ml tzAftfe DNA-SuperFect 

M-s^mMizmnLxmrnLfzo 3 \%mmmm, mm*. mem 

i^m X 2 [H#fc?#U ^ h S> > /? -D- 77tV 77 7^ K 40 /zg/ml ( AraC, 
Sigma) MEMJgffll T? 48 B^tgftbfco 100 mm ^ h Ul©!^ 1/20 *W© 

TO^^^^T^tl^Ls GFP^5M§3©#^> b bfco ^^-T^^l/X 

( vtf 7-3 ) © ^ rs *b © mfe \z \± y ^ — z mm iz x z> $ << $ — © m m ( * # n ^ ^ , 

^^^HRrn h 3— p291-296, 1995)£fT^fc 0 

J8JftfB#ffl©tfcitf&fTo;fco a-PLWUV^LS&ff ofcy^i'^^^M (vTF7-3) * 
t>f^^^«0'l$Mlf; o B^teiM^©^ (±33 
) &&£U WT©^li"Cff r^feo 6 well©v^ ^n71/- hlZ LLC-MK2 «BWS* 

5xio 5 mm/venxffli%. m&tgmisfc'& dxio 6 mm/veiuzmmisx^z t 
PLwuwitu©^ # — i%nx 2xio 6 pfu/ioo/zi ^s^a^y^^ 
t^7^;i/^(vtf7-3)§#^l, ?Bsm^cDmmizmm^^rtz 0 lmmcDm^m, 

50//1 © 0pti-MEMigit!l(GIBC0)t3-7°^X S h\ pGEM/NP , pGEM/P, WpGEM/L N Z 
LXttMMSeV cDNA (pSeV18 + b( + )) (Hasan, M. K. et al., J. General Virology 
78: 2813-2820, 1997) £ ft ft 1, 0.5, 1, 4 u g * *n X. * © . 
SuperFect(QIAGEN)£ 10//1 iJDx^ ^^T15t>^S bfc^ 1 ml© 0pti-MEM(40 
Ag/ml © AraC £^ir) ££nx.. IfflJJS^M Ufeo F?>X7x^>3 3 H 

uizmm^muL, m>t^ ioo,ui/weii©PBs«^L£:o zwmmwL&io&s 
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lOOfg, 1000{£«?Lfc«i£r$ 100^1 £^:*Sf£ 10 HS©^fHii:^#Jli 3 

ifo^Kufeo (ixio 5 , ixio 4 , ixio 3 m^^n^nmM)o 3 attn^ 
?>^&iiiirl, ha umz x d ^ ii^ummcDmm&m^fzo lxio^mm^m 
m^tzmm(Do^, ha rstsASfeofcm^*— ^ 10 4 -eti+^ 10 3 -eiiw^fc 

HSf§0!l 1 2 43«fcVl 3(Dmm&m4 0~43, ^J;tft2(i^to oi>^d — 
~7mm7"7X $ K ^«BISfiJB©^^t>^^«fcSSeV/AF-6FP©#«jES^J^©IqI 
±A^I^tifco PO (SHsfttu) ©d3~d4 (30@~4BB) K^T. ^Ll^afc 
##fg#>£ftfc (EI 4 l)o ^2Tr(i, h7>77x^>a>g|3 Bg©»£§P 
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[H»'J 1 4] GFP£^£&^LacZ}#t!o F &£cSHz >^-f «W;i/;*^#---© 

<LacZ a^Pfc^tf F SeV — cDNA ©flfH> 

H»'J182«© pSeV18 + /AF ©NP «fc^±?Mi::#ffi-f £ Not I ^Jlf^lit 
LacZ «fc?£3g*!6Lfc cDNA (pSeV( + 18:LacZ)/ AF) £fp|g|-r PCR £<fct> 

LacZ MB^(DmW>^ff^tzo LacZ 6 ffif^tfc: (Hausmann, S et al., RNA 

2, 1033-1045 (1996)) {3$>t>^ 5' MWlZte NotI We^bfe^^ 
v— (5'-GCGCGGCCGCCGTACGGT6GCAACCATGTCGTTTACTTTGACCAA-3VBB^J#-^: 1 7 

)&, 3'*c sev commm$^^±^ (e) n ^ffiga^j (0 *;.fcrME^w^>^- 
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)V ( S ) * L , NotI W m ffi & £ # b tz. 7 ^ 4 V - (5' - 

GCGCGGCCGCGATGAACTTTCACCCTAAGTTTTTCTTACTACGGCGTACGCTATTACTTCTGACACCAGACC 
AACTGGTA-3' /Mtm^ : 18)§ffiU, pCMV-/? ( ^7 n - > -^y ^ *± 

Si) %mmt UTPCRSJfofcfTofco Sxfc^mt, pCMV-/? 50ng, 200 ^MdNTP 
t??^^/^^^!), 100 pM 77^-, Vent #'J^7- tf ( — ^ 
— -f >^ > hvw ;*^*±iO 4U ^^©MJiS^' ^ 7 7 - ^ t 
94°C 30 50 °C 1 72 °C 2 7}©S/S&gt^ ^;i/25[HT^f o fee SJfo^ 
i^J&T^D— ^y^m^ib-e^ci&^x 3.2 ^rU^-X©ifT>t^W9ttJb, 

NotI TrtflirL, pSeV18+/AF Not I Wmfrt^J? — ^>3>UT 
pSeV( + 18:LacZ)/AF £f#fc 0 

LLC-MK2 IfflflS^ 5xl0 6 cells/dish TrlOO mm ^ h UmHzii^ 24 mm%mik 
. lM£^al;&^ MEM -C 1 [I]#t#L7cflK 3 //g/ml ©V^b>hft^S^I^ 
(365nm) ^ 5 «Lfe T7 RNA ^ U * ^ — t? U =3 > tf 7^> h y * 

Sx-T^-f ;i/^(vTF7-3) (Fuerst, T.R. etal., Proc. Natl. Acad. Sci. USA 83, 
8122-8126(1986)^^-?: m^^^i±7c (moi=2) (moi=2~3 N $f^i3« moi=2 
* s ffll>^n^)o «£lM&<a£&0 MEM 2 LfcflL LacZ Jg« F ^ 

^-fc>^ t>-i fr^^Z cDNA (pSeV ( + 18:LacZ) AF), pGEM/NP , pGEM/P, 
^t>*pGEM/L(Kato, A. et al., Genes Cells 1, 569-579(1996)), 12 
jug, 4/zg, 2/zg, 4//g/dish *5«fc -77? * ^ K pGEM/FHN £4// 

g/dishiDx., Opti-MEM(GIBCO) iZSS^U SuperFect transfection reagent (1 
^gDNA/5/zl ©SuperFect, QIAGEN)£AtU 15 ft fflWLW&, &*$#J£ 3% 

FBS^r^tfOpti-MEM 3 ml IZXtitz DNA-SuperFect m&VQ&Bti&lZffiitiU bt^i 
bfeo 3 M£^£&<^ MEM t? 2 HJ^U ^>h^>/? 

-D-77t;77yi/F 40 //g/ml (AraC, Sigma) h h ] )7°^> 7.5//g/ml 
tPMEMT? 24 B$P B 1tgftbfco tgft_t?f£a D Rft^ lfilfft£:^£ MEMJgJfe(40// 
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g/ml AraC, 7.5//g/m h V r^V&^t?) Izmm^tifzlOO mm ^ h Ul 1 
© F mm LLC-MK2/F7 *fflMM 5 ml £MLfco ^ ^ ^ig#48B#r^s Ctl 
£>©«^_h?i£[I]4XU ^ti^tl ?0-d3y->7°)ltLtzo P0-d3 >y h £ 

Opti-MEMtgffll (z&Sb (2xl0 7 cells/ml), iJH^Hfefl?* 3 
lipofection reagent DOSPER (Boehringer mannheim) ^rH^r b(10 6 cells/25 x/1 
D0SPER)^St? 15 MISLfJ, LLC-MK2/F7 HM:h7>X7x^ 

i>3>(10 6 cells/well 24-well-plate) Ln J&ri £^ * & ^MEMi£Jfe(40/zg/ml 
AraC, 7.5,ug/m h V 7°is > &^tf )"C mm U£o tg#^7 H @ {z±_*M%:M$l 
Pl-d71f > ^ Lfeo £ h l;i±iS:£S&12-well-platet;rJ§OfcFSgBi LLC- 

mimmmmz. 37 °c 1 mmmmm, mvgw. mmx'-mm^Ltzm, 

Sft^MEMtgilllHO/zg/ml AraC, 7.5,ug/m F 'j7y>§ttt)T«lbfco 
7 HB£±fS&[IlJ&U P2-d71t>7°;i/i: b^o £ £ lz±m±&& 6 -wel 1 -plate 
\zm^tzY%M LLC-MK2/F7|fflM*(^ 37 °C 1 B#F e Mf&iL MEMtgJft JgJfe"C — ®J5fe 
&Lfzm, jfo^£^g;&^MEMigit&(7.5/zg/m h U7y>?:ttf)t^ibifeo 

BB£±*S£II]iKU P3-d7t»- > ^ Lfeo tC_t7f^S£10 cm plate 
£fi£^£F$eSi LLC-MK2/F7*ffl^(3 37 °C 1 B#H$$^ MEMigWl igfl&T? — [USt 
^Lfet> Jfil^&^f;fc^MEMJgflfe(40/*g/ml AraC, 7.5/zg/m MJ ri> > £^t?) 

KLacZmmm^CDti t> y h \Z <£ £CIU©8!l5£(LacZ-CIU)> 

LLC-MK2 2.5X10 6 cells/well"T6 well-plate£SS£, 24 ll#HJg*& N 

Jfil*££^S*^ MEMigifll -e 1 l^lfcE P3-d7CDl/10#iKm^J*MEMi@ilbtf 
f£S!U 37 °C 1 BSH®^, MEtUgflfcT- ®m& U 10%Jfil?if£^i?MEMJgii 1.5 
ml %muLtzo 37°Ct: 3 Btg#^, $HJl&£/?-Gal (Othn^i 
>*±) Ci^fiLfe, 3@©|im©^^0 4 4(3^-To LacZ &6RBt£*IBII&8t 

^a^feuss, ^ -rncDS-^-r** ps-crc-y-v^w^v^r ixio 6 ciu/mi 
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mm 

<SeV^rV AcDNA©#fH> 

-b >#"-f t?4 )\/^ (SeV) ^rfi^VAcDNA, pSeV( + ) (Kato, A. et al., Genes 
to Cells 1: 569-579, 1996)£>cDNAC:§ffc& Not I b%&mfc^(DX# — 

5(A)©«fc-5£pSeV( + )££p/i I/Sai l~?m<k bfcirJt (2645bp), C7a IT*#fbbfc 
|ff>t (3246bp), StfCia I/^co Rmmb LfeWrM* (5146bp) &*tl?tl7jJu — 

H 'fcUOt) IBU QIAEXII Gel Extraction Syste 
m (QIAGENftS!) X-MU - mMLfzo Sph l/Sal l^mit bfcWf>t{±LITMUS38 (NE 
W ENGLAND BI0LABS4±£On Wa ra^t bfcHrtt-h C7a I/#?o RTOf^bbfcWMii 
pBluescriptll KS+ (STRATAGENEttM) t:7^^f-^3>b -|t7^D-->^ 
bfeo itV^TA^t Ilt-f h ©ziA^i^Quickchange Site-Directed Mutagenesis k 
it ( STRATAGENEftSU) £{£ofc 0 ^tl^tKDmXlzm^^tzy^ 4 — 
(i-fe>^Si : 5' -ccaccgaccacacccagcggccgcgacagccacggcttcgg-3' (SE^'JS^ : 1 
9), TV^-b >^ll : 5' -ccgaagccgtggctgtcgcggccgctgggtgtggtcggtgg-3' (IE 
^'JS^ : 2 O ), P-MHT(^-b >^$M : 5' -gaaatttcacctaagcggccgcaatggcagatatc 
tatag-3' (@£#J#-5f : 2 1 ), 7 >^-b >^$I : 5' -ctatagatatctgccattgcggccgc 
ttaggtgaaatttc-3' (SE^'J*-^ : 2 2), M-FP^TJi-b : 5' -gggataaagtccct 

tgcggccgcttggttgcaaaactctcccc-3' (BE^J#-^ : 2 3), 7 >^"b : 5' -gg 

ggagagttttgcaaccaagcggccgcaagggactttatccc-3' (@E?(J#"^" : 2 4), F-HNfUj^y: 
-b >^il : 5' -ggtcgcgcggtactttagcggccgcctcaaacaagcacagatcatgg-3' (ffi^JS"^- 
: 2 5), T>^-b>Xfj| : 5' -ccatgatctgtgcttgtttgaggcggccgctaaagtaccgcgcg 
acc-3' (BB^MMj : 2 6), HN-LPeTOi-b >XiI : 5' -cctgcccatccatgacctagcggc 
cgcttcccattcaccctggg-3' (BB^J#-^ : 2 7), T>^-b>^II : 5' -cccagggtgaa 
tgggaagcggccgctaggtcatggatgggcagg-3' (SE^JS-^ : 2 8) ^^ti^ti^J^L, 
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mmtLTwvmi&saii/sphmx-, mm, mm^ci&m^, fhn^ Mimitcia 

l/Eco RI if £ * ti ^ tL±i3*t? -9" 7 ' ^ u — — > y b & © & ffl ^ T Qui ckchange 
Site-Directed Mutagenesis kit(DZ7°u h n 3&A&frofc 0 ziAb7c& 

-f AcDNA^x^-fe > y U bfco 111 4 5(B)(D£olZ&Mte?miZffitz 

iztiotl ^mXLttmm (pSeV(+)NPP, pSeV(+)PM, pSeV(+)MF, pSeV( + )FHN*3 «fct5 
pSeV( + )HNL) ®-fe>^W ryjfrxy; AcDNA£flfSlb7c 0 

r*~tf (SEAP) ^PCRT-lty ^n— ->^Lfco y°"? 4 ^ — lzl±Asc I $J|Sgl£3g 
"iM h Sf^fSD b7c5' -f — : 5' -gcggcgcgccatgctgctgctgctgctgctgctgggcc 
tg-3' (IB^JS-^- : 2 9), 3' -fY- :5' -gcggcgcgcccttatcatgtctgctcgaagc 
ggccggccg-3' (IB?!J#-S§ : 3 0) PCR£frofco flMl-fipSEAP-Basic 

(CLONTEOfttSOs MMlZtePfu tourbo DNA^IM^ — tf (STRATAGENEttSU) 

-->^tS7*7^^ h* bTpBluescriptll KS+(DNot blz^Jl^-pn — 

~>^+M b (Pine l-Asc \-Swa I) tm^> )l~lfr&m^-mifei' P ^^ts 
-p^zi^fjlDNA [-b>yfjj : 5' -gcggccgcgtttaaacggcgcgccatttaaatccgtagtaagaa 
aaacttagggtgaaagttcatcgcggccgc-3' (fi?J$^ : 3 1 ), 7 >^-b >X II : 5' -g 
cggccgcgatgaactttcaccctaagtttttcttactacggatttaaatggcgcgccgtttaaacgcggccg 
c-3' m&m^ : 3 2)] Lfc (124 6) c Z\(D7°^7,^ 

b'(DAsclV-4 bizmm • !I]JKLfcPCRj^£^>ry— :^3>U ^D— — 

&&©-fe>**>f ^ AcDNA£:pSeV18+©7Vb£ I+M h iz^tl^tl? -Y y— 

'>3>b«a^^^o ^n^tl©^;i^^#-£pSeV(+)NPP/SEAP, pSeV( + ) 
PM/SEAP, pSeV( + )MF/SEAP, pSeV(+)FHN/SEAP, pSeV( + )HNL/SEAP:fc<fcTJ f pSeV18( + ) 
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/SEAP^ Lfco 

LLC-MK2i»£2xl0 6 cells/dish T 100mnr> — 24B#P H ^^#^t^ 
U >£;UV#lIIb7cT7# U p< ¥%mnTZ> V n >tl^> h »7^>-T<^ 
(PLWUV-VacT7) (Fuerst, T.R. et al., Proc. Natl. Acad. Sci. USA 83: 
8122-8126,1986, Kato, A. etal., Genes Cells 1: 569-579, 1996) d^^moi^ 

cDNAs pGEM/NP, pGEM/P, is «fctfpGEM/L£ -^ti^ni2,ug, 4^g, 2 jug, STM/zg/dish 
©SttTrOptiMEM (GIBOCO BRL*t£!0 U UOjul ©SuperFect transfection 

reagent (QIAGENttSO ^Atiti^U MU^IB^WLW^ S**lftf~3%FBS£ 
#t?0ptiMEM3ml^j]Px., JfflflS£^2ra bT3~5l$figtg§| bfco Jg*& N 
£^2;&OMEMT'2[I]#t?#U ^> h ^>/?-D-7"7 (AraC) £^&MEM 

-e72ff$RB*§*lbfco Cti?>©«S£:[I]i&U >y h £lml©PBST-!WU 8R*g 
8M¥&3[n]iBI»3$gbfco ^ti^*10BP B TOP^-y-felS^ill00//l^Sb, 35°C1?3 

dn^EiiRbfc^s^ ^^lo- 5 ~io- 7 ^fRLxmrni-mmmLs mmzmtR 

U#&bT-80°CK:;* h bTco^n^fl© >W # — £ £SeVNPP/SEAP 

, SeVPM/SEAP, SeVMF/SEAP, SeVFHN/SEAP, SeVHNL/SEAP43«tU r SeV18/SEAPh'rs 

)o 

< y^y — PT y -1 iz £ & # 4 $ —<DM%L> 

CV-lffflJ3&£6well TV— h f~lwell&7c D5xl0 5 cells-f oil^ 24B#P^Jg#b 
feo PBSifctt^ BSA/PBS (1% BSA in PBS) "riO" 3 , 10 \ 10A 10<\ 10" 7 
bfc*ISl^.SeV*l^-r >JpaA- *>3>bfc^ PBS*e$Sfci#K BSA/MEM/T#n- 
* (0.2% BSA+2xMEM£^S©2%T#D— *&^bfcfcCD) Swell&fc t)3mlf 
olib, 6BP^37°C N 0.5%-eigifcbfco Jg#^ 3ml©:n* y — ;i//S£& (:c* 
y-;i/:ffg=l:5) £2fll;U SUSHIS U 77J'D-^i:i:*!:iSlfec PBST 
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a^-^>3>lfco PBSTHIeJiSfcr!^ 200{g#fF?bfcAlexa Flour™ WM^^tfi 
^+^Ig(G+H) (Molecular Probett) ^MpLT^Wemm^ >Jri^-y a > b 

fe 0 PBS-eHiu^^s y ^-^Ti-^+f— lasiooo (m±^^;vA) 





£-f£— (pfu/ml) 


SeV18/SEAP 


3.9X109 


SeVNPP/SEAP 


4.7X108 


SeVPM/SEAP 


3.8X109 


SeVMF/SEAP 


1.5X1010 


SeVFHN/SEAP 


7.0X109 


SeVHNUSEAP 


7.1X109 



LLC-MK2iTO£6well y°U- h (dwell fefe »3 l~5xl0 5 cell sfo|^ 24Jfiig 
*g« b £ £ >f X ^ ^7 ^ - £mo i =2*« £ ^ N 245$^ tg#±?S £100^10 
JRU SEAPT^-fe>f ^r^fofeo T y -b -f (^Reporter Assay Kit -SEAP- (Mftffi) 

TfTV\ y ^T^-v-r-y— lasiooo (m±^^A) -e^j^bfeo i'j^ 

0{iSeV18+/SEAP©fit^lOOi: Lt?ti?Wii: btiLfeo -fcCD*^ EI4 

8 iz yfs b v ^ -r tKDiiim iz sEAPMfE^ %m x b tzM^-e & sEAPrst^^t^m £ ft 

o SEAPMtStt^^ AcDT^^-fiB-r^^^oTT^D, -f&fr *,£giifi^T7^o 
tUSIh^ofco rai£^PMfE^©P B ^SEAPMfc^£^Abfc±§ 
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(D m iC SEAP51fE^ Ltz'<?*—<D'$m &&&&&&& £ ft „ 

immm 1 6 ] vy^i^ AY-nmmmmmz x^^sevmmmmcom± 

M&m^x^zsevtrj >],x(Dmm%&&-eiz. T7RNA#u * ^ — tf &m%-f%m 

£>ftTl>S (Lamb and Kolakof sky, 1996, Fields virology, pll89) 0 -€fti&FHN 

K^m& (f&j^hn) zmm-f z>^)i;i-mm%mm-r z> z tiz x ^k^o-ov 
x (D tn mm & ip]±-r & z tt^ % & tm z-tz oYmfmnm9$mifim-& mm £ 

tZo 

10cm$fflflgtg#HIl(3l00%i3 v > h \z ta o fcLLC-MK2*H#S (lxl07dish)£ 
PLWUV-MS^^ T^moi=2t^^(Cjo^T^^ 1 Bf59iL d2EGFP£*gf!i1-3 
FHN^cDNA (pSeV18 + /AFHN-d2GFP (mMM 8 ) , pGEM/NP , pGEM/P, pGEM/L, 
pGEM/FHN £ ft tU 12#g/10cm dish, 4#g/10cm dish, 2 / ag/10cm dish, Ajul 
g/lOcm dish, 4^g/10cm dishCDfiJ£"C 'MS b (final vol, 3ml/l0cra dish), ft 
e^#AiS^ SuperFect(QIAGEN)£ffll^T, ii-M bfc F^<W ;i/*®#1fiilh 

mmt^i5mriic-m2mmizMB^mxLrzomi^mx3mr^mmm^m^mm 

MX 3&}ffi&L, <£M3S^(1000rpm/2min)-t?iiJAsnfc«fflfl@&lHlJRbx ^>hy>/5 
-D-T^ bTy r* (AraC) 40/zg/ml, SIGMA), h V 7"-> >(7.5//g/ml , GIBCO) 

£ ^tr ©aftJfoigMEMigife « U IfflJIS iz 1m x. N — Hfc JglS b o£'J?£(~ ffl jg b 10cm 
S/-^ — 1/^100%3>7 !✓> rtz^ofcFHN^^jHBflS^T^y »W ;i^AxCANCre 
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&mi=iox-&mmm'&, mm, mm* smm, 20a, 3B@©*fflfla*^n^n5mi 

PBS(-)"e — 0$crfU cell dissociation solution (SIGMA)tc: J; t> MfltH&Mt) 5 b 
xfaM3s^(1000rpm/2min)-r^fflfla^*to,AraC(40^g/ml, SIGMA), b 'J 7^>>(7.5 
/zg/ml, GIBCO)^^t?©^Jfll?*MEMJgJfe(rSS?Bbs FHN&^e? j ;i/X©Wflti§ b 

feifflis (po) (^jp^-^itbfco »fi®f^2 HeT^Ttii^M-em^ti^ 
^bfeo iffljiasjgb^v^*©^-a- (£) iztt^, m^Mm\^tzm^ (£) & 

U 10 7 «/ml©0pti-MEMi£ift (Gibcol )(l!BI® b 30^848? bfc v -Y -b— h 

smsju mMmmi.r2BWi(D¥iimmMmmzio 6 ceiis/ioo^i/weius^u 

AraC (40/ig/ml, SIGMA), h V 7^ > (7.5£ig/ml, GIBCO) £^£?©Ml?iMEMJg 

tttn^ 37°c 5%co 2 j>*i-^-S7-x2um%mi,tz?mMi%n±m(D'yjfrx 
^ffi^ciu-GFP^^bfe (m.4) 0 zcD^ms ¥mmMmmm4mmx{±^-( )vx 
(Dmmm^t^M^nr. mm 6 mm^mcDmmmm^ «t sJHi&jjuas^ffcig 
to^n^o^cpi *fflna±?f * m th $ n tz t> << )i 7s it 6 mm^mmmm -r 3 



4 AF-HNlBMS&tZ «t zK&semm 



GFP 


-CIU 


xl0 3 /ml 






FHNcell+ad/cre 


FHN 


cell- 


4h 6h 8h 2d 3d 


8 


-10 


6-9 80-100 70-100 60-100 20-50 
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man* w^i© 1 )!^^ yffimiz <t DiMi^fco ^(Dm^, ■tez/pj t> * 

. F^^Tfe3^7^5ffg£ft7c (I50)o 

^•>f £ ^ ;i/^©fnVSVJ/vf*{3 J; 3fSI£f£ 

VSV-G^gJjtf* £ffll^Tf#^ft7cF:fc£ t>*HNaH£ ^^bfc^^A^f tSi^i 
— K^^7-b>^ «W ^|£!~VSV-G* W^fl£^3A>f;:|lf bT> Jtl 

VSVfnf* £ ffl <^ T £ ft 3 a © ffirSt* £ 7c o ^ ;i/ ^ h 

irCf^I^U ^i&T?30#l!HE^ VSV-G£^^LT^^LLCG-Ll*ffl]lSl3J® 

4 BB®Mfci L wxm*wmmmm(D^mT*m^tzo ^ornrn, f^^ 

VSV-G) ^VSV|?Lf*-e^^©^^:^^$iJ^I¥^^ft7c*^ #3fc©*M&&*r-r 
3-te>^>C (0^ F,HN) ^teiMA s B&&£ft&fro7c (E5 l)o 

[HWJ1 9] F«f5^^F^^I5HN3llS^*^^Ufeyy A*#-TS'>i— K 

#iS)fiti¥ * ff o 7c o 20 ~ 6 0%© ^ ^ I? i > h % £ ^ 7c ^> a M^rt £ £ ^ ^ X ffi. 
&±Jf SW41D — — (Beckman) -£29000rpnk 15~16Bf ^jS^'C^To Tco 

^^Mfctz: VSV-G* W^3g&*r?"3 ^ — F* ^ r©-fe>*V £ j ;b 3 d £ 
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W^M&^HN^ jf,VSV-G^ W^^tel^^S/a >{Z 

-7*©-b>y-f "7^;i/^t*5C h#fi£iK£*ifco — 7^ F:& J;T>'HN^M(7» 
^ ^ ^-fe >^ r> ^ )i^-£l£ s ^>¥J ?7 j JlX&^CDZ >;^?n, VSV- 
G^ W^iC&IsI:?^ ^>a >(C^iU^n^*»©©x F43<fcVHN* W^fittt&tti 

&z>ztfim%%£nfz (ei 5 2)0 

[HWJ2 0] F3fie^£F:i3«fctfHNfce^&^feb£:'7V ASttS^a- K 
'7>f;^,fe5^l±**©MSWt5t>y'f ^ ;i/*£LLC-MK2ifflfl&t3J&3S<* 

mmmzm^Ltzo *©*g^ mfc^&K&Ltzfy A^tti.^^^ (sev/ 

AF, ;fcJ;OTSV-G-^>a.- Mbbfe SeV/ AF(VSV-G)) >- a.- K * ^ r-tz > ^-f £ 

5ya-F^>f7"-t!>^^^^ (SeV/AF-HN(VSV-G)) Trf^ ^^$fflSS±^M 
j&#Tl>&^3 h^BJ^fr^fcofc (El 5 3 ) 0 

[HWJ2 1] Yfcfctt{R.$:\sfr>f ; a^^-t^vsv-g^^.- r-t>^ 

^^;i/^CD^^i^ii, *fflIISt::®^3 H a©£MJ-|g31bfcGFPM£Flow 
cytometory^ffl^TiiJ^LfeoF3fife^^^^bfe^V A§tt§y^- K*>f r 
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JurkatJjfflflSTteiun > h n-jlttmLX 2{g*Ijg©F3fifc^&^£ Lfc>7V A£ 
5 4)o 

[n»'j2 2] mmm*mm\s tz¥ y j t> j frx^tf—nftgi 

<NGF/SeV/AF©S«Mi> 
NGF/SeV/AF©|f«^(±_h|B r x >^D-777X * K + F fg5EMMJg*£j 

<NGF/SeV/AF© 0 A fr^ >f J A«£IS(RT-PCR) > 

NGF/SeV/AF^-r;i/^^y A (EI 5 5_h) &m%%ir Z>tz&, LLC-MK2/F7M*P £> 
\a\lU£tifzt%m:±m%:M>Csl<fzik, QIAamp Viral RNA mini kit (QIAGEN) H^(D 
yu h ZJ-^iZ^oTRNAfSffi^^ffo^o Z. ©RNA SUPERSCRIPT™ ONE-STEP™ RT- 
PCR SYSTEM (GIBCO BRL) Iz X RT-PCR©^ > 7 V — h cfc OTCR^fo fc Q 

ttftnMSeV cDNA (pSeV18 + b( + )) (Hasan, M. K. et al., J. General 

Virology 78: 2813-2820, 1997) fcffl^fco PCR7°v -i V — {iNGF-NiiNGF-C&ffl 
I^toTco NGF-N^o^Ttt, 7 * "7 — h* : ACTTGCGGCCGCCAAAGTTCAGTAATGTCCA 
TGTTGTTCTACACTCTG (BE^JS^ : 3 3), NGF-Ci'oi^T^ V ^— J* : ATCCGCGGC 
CGCGATGAACTTTCACCCTAAGTTTTTCTTACTACGGTCAGCCTCTTCTTGTAGCCTTCCTGC(iE?'JI|-^ 

: 3 4) SUfflbfco ^(D^^s NGF-N^NGF-C^$:^°^-r v — R 
T^T-eNGF/SeV/AF(±NGFi3if^S^^^'> K nfeofcH^ffiNc: f*^ > 

[HMJ 2 3 ] NGF«l£^£fg« LfcF^^SeV©«BJia^^t^^-r SNGFg 
e©^*^in vitrorg'ffiiiJ^ 
j&f&StfNGFgecDSB^teu jfiSlOcm^^iilSliecm^U'— h lz fS&conf luent 
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izmm^^fz LLC-MK2/F 35 ^ & LLC-MK2 fflffi&m^Xft-^fzo NGF/SeV/ A F , 
NGF/SeV/ A F-GFP (i LLCMK2/F fflMlZ , NGF/SeV&O? GFP/SeV{±LLC-MK2«ffllia(3 
m.o.i. 0.01T-Ji^<*i-i\ 7.5//g/mL©Trypsin (GIBCO) t^MEM 
tuMX~3B ffligm Lfco 3 0 f£f£fi:i00%©«# s ^ b fcf^H * TrypsinStfM£ 
±t ^ S & V ^MEMigilfa 13 b M 3 H mmm b o ft ^ ft © Jgi£±ii £ 0 iR b 
N 48,000 xglz-C60ftM'b'&. ±M (3-ou-rNGFge©^aSt>*in vitrorSM^ 
^ff-^fco *fl«ra^ F^gJSeV (NGF/SeV/ AF, NGF/SeV/ A F-GFP) (EI 5 5 
#J¥5) £LLC-MK2/F«tI^£1^-tl 1 m.o.i. (^Jx.(^l^V^tt3) £>® 

^fft«\ gpt>«b<*^100%^*ffljt£(z^ift^ft«\ %f£(D z tteifi WftftM 

NGFS6©^M{±ELISA Kit"??fe£NGF Emax Immuno Assay System (Promega) £ 
jpjfflbfeo h3-;Ki^ft^«©Jg^(3^ofco NGF/SeV/ AF, NGF/SeV/ A 
F-GFPSrj-NGF/SeV©^^$fflflS^«±^f^i3(i^ft j e'ft 32.4//g/mL, 37.4/^g/mL 
^r>* 10. 5/zg/mL©NGFMfi ©#£«!?>£ ftfco NGF/SeV/ AF, NGF/SeV/ A F-GFP 
©®&*BlflS^£±^*£&N i«^©NGF^S/b s #ffibNGF/SeV©^$fflJ3a±g#± 

m^(Dm¥m&&tmnm-c$> 9, F^^sevi;:<fcoTfc+#*©NGF©f83aA s & 

£#fi£fg£ftfco 

NGFM6©invitro?g'raj^i^ — >7 h D ©Ji<##&iT:;fc 3&tI#J^S!S©#Jft# 
*I *ffl ^ # ft H ^ tf © £ # ^ £f tS f£ £ fi ti £ fT o ( Nerve Growth Factors 
(Wiley, New York), pp. 95-109 (1989))o Jfe^lOB^©-? h 'JIJ:>)iWi 
S5£mi3liJU 0.25% Trypsin (GIBCO) -£37 0 C 20^&il^lit bfco lOOunits/mL 
©penicillin (Gibco), lOOunits/mL © streptomycin (Gibco), 250ng/mL © 
amphotericin B (Gibco), 20 ju M © 2-deoxyuridine (Nakarai), 20 M © 5- 
fluorodeoxyuridine (Nakarai), 2mM L-glutamine (Sigma)^t55%©jfn.rf §ttfl 
^©D-MEM^iik^f^ffl U96-welirix — h £ lwell&fc t) ^5000fEI©|fflJ^ 
?BjftT?Jgai£M$&bfco7*U— httpolylysin^i- h bfe96-well7*lx— h(Iwaki) 
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fcHKlaminin (Sigma) fn- h Ltll bfco ±S#IS^0#i3 > h n -JVX:& 

trlfflSa^iM^t"^ Alamer blue (CosraoBio) &Mt)U b 5. hn>F'J7ta 

3 M^i£ t£ £ fsfH bT (530nmTS^bfc590nm©m^ijJ^£«) 
M^ffo^o u>hU—Jl (NGF^Mb) ^^SeV/f«^-GFP (GFP/SeV) 

%kmmi%m±m(Dmtt (i/iooo#ipj -^\±nu^^.m^^-rm,it^m.^^>^ 

tztiK NGF/SeV/AF, NGF/SeV/ AF-GFPS^NGF/SeV©^^$EflS^#±a^^i]P ( 

i/iooo#fR) tsihcj;^ si^ : ^m7 I e^©±#*^e>n^ifflj5a^A^<^ 

#*t?3f£f££* bto§ i:*ij»f^nfe (H5 6)o ^bt, ^©fji{±ELISA(3 J; D 
3<#)7cNGFg S E^f o fcollia© CI ^^MMtTT^lJilft 

IZ &Wim£tl, NGF/SeV/AF, NGF/SeV/AF-GFPS^NGF/SeV©^^J}g^*±^^ 
iiDt§3 tU ^^©ti^n^SI^^^^IS^il^^tlfe (05 7) 

1) Adeno-CreOmoi £:fi^B$f!g 
^^^Adeno-Cre©raoi^^^TLLC-MK2/F^^^^i±Fge©^51^^aibfe^ 

moi=i(Dm&iztt^moi=io(Dm^Mmfi^=fmfr^fz& (lass), mmmh 

, 12h, 24h, 48h^©^^*^IH^^i;C^. ^lTti«2*fJH8rag J'FgS© 

£fz, moi=K 3, 10, 30, lOO^IfflJ^C^ bT fflflg©^flg^b£^B#l$l;:g|Jg 
bfc#\ moi=10^-T ^$ffl^p B 1^^B^cDM/b 3 lf.<fc^ti^A^fe^, moi=30J^_t{;:& 
3hlfflMm££ s il^£nfc (EI5 9)o 
2) 

LLC-MK2/F izttlsT Adeno-CreiS o T F^ & © ISijl £ MM b T 7ft £ "T? b 
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m l x hp 20ft s t* m\\ t ifflss n f s s © # § u - — umi * « ^ t 

U — — iS^ltl^C # V % T ^ * — > # ^ X ¥S. 6 ©fg5! * S§2# b tz 
LLC-MK2/F*fflflS£AtU -Bfttgiibfc^ Jgfl&^^DI^^PBST* — UliJt^bT*^ 
, 3.7%©Formalin-PBS"e5^raH^bfco — Hl^f bfcfJL 

0.1% Triton X100-PBST:5^fIllMI b T , JjtF® ^ y ^ n ;W/Cffc( r -236 ) ( 100 
fg#*R ) £ F I TCIIfglLiJ ^Jtl It IgGtrCffc( 200fg ) © )« t? mm £ M b T , SIS K 
PBSt? b T b — tf -§fi»l * & o T US b o 

20ft s £ -earn; b fc^sa * ft&trLfo&T'fflm f*o ©fs e ©#^t>aft &is^ & h 

15ft£«^&^&fro£:#\ ^nJ^±m^bfc#BIJiaF«3^F®e©^^b 
j®ft#iigS£;ftfc (El6 l)o 

2 5 ] GFP-CIU£in;SeV-CIU£:©*BISRIfi% 
2iS^©^^HJ;SCIU (Cell-Infected Unit) ©$J^^£*g||§l^£:BMKfc 
o LLC-MK2iM£2xl0 5 cells/dishT12well-plate£i§£, 24B$mt£M&> Jfil^B 
£#£&^MEMt£jtim[I]ift?#bfciL SeV/AF-GFP&lOOytn/well-CJS&bfco 15 

jfil^i^^S^^MEMtglft^lml/wellJa^, £ £l;:24B#|!8i&*lbfco 
PBS(-)"tr3[ll^b/fe^, M£f2^£^(^105W5^^l&B)> $fflI££EI^-r 
b >£1 ml/well;!jnxit^t;:l&DI&^ m^g*fc£#;fc(#JlO#~15 
^glifcl ) oPBS ( - ) T 1 00|£#!R b * 1* 3= <fc S IHSi £ ft }/CSeV# 'J * n - ± JV 
Jaf£(DN-l)£300^1/well#nx., 37°CT*45#fIS>f b bfc^ PBS(-)"T3 

@#t^U PBS(-)T-200f^#IRb^J/L^^JrIgG(H+D)®^tIli-^J/L#: (Alex™ 
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568: Molecular Probes^) £300^1 /welling 37°CT*45^RI] -f 1/^-=l^— b b 
tzo PBS(-)T-3H]^#bfc^s ^7tIS$fcS!T (Emission: 560nm, Absorption: 645nm 

^i^bt SeV/AF-GFP *100A£l/well^^^ bl5^H£, JM£^£ ftt^MEM 
£ 1 ml/well*Px.^ £ ^ 248^^11^ &'&(D$k&&ftt>-r 
§IT (Emission: 360nm, Absorption: 470nm:7 ^ — : ^-f £*±ilO T-GFP^i^ 

6 2 ) 0 

[H»J2 6] v;i/^^n— — >^1M 

-?)V?->7 O— — >^'it-r h £SeV^^— i3 o ^&J;£J^T©— H^o 

1) £>f;i/* (SeV) ^rS^VAcDNA, pSeV18* ©cDNAO^fV A t£©^ < 

2) t-l!t#tSSb;£SeV^^— cDNAtIv;i/^n — ^>^+M MH?iJ 

7± iv-jr&mn-ms ^ mm $ -^TNot i +r -y h aii^Mo 

1) iAMi:btliSf> pSeV18 + £Eag miYbbfcirtf- (2644bp 

), Cla ra^bbfc»f/t (3246bp), Clal/Eco Rm^Hb bfeWH" (5146bp) N 
Eco RlTfiBYbbfcKftt (5010bp) £^ft^ft7#n — m^-f- 
K£WDtt5U QIAEXII Gel Extraction System (QIAGEN*±$0 T'MiU • #1 
Mbfeo Eag TONHbbfc$rKi±LITMUS38 (NEW ENGLAND BIOLABSttSOs Cla 
Y^bbfci$fK% Clal/Eco RlTrvPHb bfc»rtf% S^Eco RI -£ mit b fz Iff ^ (i 
pBluescriptll KS+ (STRATAGENEM) K ^ -f > a > ->^b 
feo <^ T $J PM H fH t>- h©5S^s ^ A (± Quickchange Site-Directed 
Mutagenesis kit ( STRATAGENE*±10 £{£ofc 0 

r&iJpM^-tt-T h©^^(^{±Sal I: (-te>X§M) 5' -ggagaagtctcaacaccgtccaccc 
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aagataatcgatcag-3' (SB^JS^ : 3 5), (T>^-fe>^iI) 5' -ctgatcgattatctt 
gggtggacggtgttgagacttctcc-3' (K^J#-^ : 3 6), Nhe I: (-fe>^II) 5' -gtat 
atgtgttcagttgagcttgctgtcggtctaaggc-3' (fi5ij#^: 3 7), (T>^4r>Xll) 
5' -gccttagaccgacagcaagctcaactgaacacatatac-3' (IH^US"^" : 3 8), Xho I: ( 
-b>^II) 5' -caatgaactctctagagaggctggagtcactaaagagttacctgg-3' (SB^'JS'^' : 
3 9). (T >^-fe >^ii) 5' -ccaggtaactctttagtgactccagcctctctagagagttcattg 
-3' (mtm^ : 4 0), ^fe$iJPMS$**AiCiiNP-P^ : (-tz>X$M) 5' -gtgaaagt 
tcatccaccgatcggctcactcgaggccacacccaaccccaccg-3' (SB^'JiH^I : 4 1), (T>3- 
-fc>XiI) 5' -cggtggggttgggtgtggcctcgagtgagccgatcggtggatgaactttcac-3' (IB 
: 4 2 ), P-MfUl : (-tr>;*fl) 5' -cttagggtgaaagaaatttcagctagcacggcgcaa 
tggcagatatc-3' (BB^J#-^ : 4 3 ), (T>^-fe >^II) 5' -gatatctgccattgcgccg 
tgctagctgaaatttctttcaccctaag-3' (IB^JS^ : 4 4 ), M-F^ : (-fe>^fJO 5' -c 
ttagggataaagtcccttgtgcgcgcttggttgcaaaactctcccc-3' (IB^'JS^ : 4 5), (T> 
^■•fe >X|I) 5' -ggggagagttttgcaaccaagcgcgcacaagggactttatccctaag-3' (SB^JS 
^- : 4 6), F-HNfH3 : (-tr>^$l) 5' -ggtcgcgcggtactttagtcgacacctcaaacaagcaca 
gatcatgg-3' (IB^iJS-?- : 4 7 ), (^>^-fc>X$JO 5' -ccatgatctgtgcttgtttgag 
gtgtcgactaaagtaccgcgcgacc-3' (gB^'JS^ : 4 8 ), HN-LH : (-fc>X$I) 5'-ccc 
agggtgaatgggaagggccggccaggtcatggatgggcaggagtcc-3' (IB^'JH^ : 4 9), (T> 
^■■fe >XiI) 5' -ggactcctgcccatccatgacctggccggcccttcccattcaccctggg-3' (IB^J 

s-^ : 50) ^^n^ti^bsj^^fflv^co mxw:. ^n^n©iffK-^±i3i5] 

2) ©±§^\ (-fe>^ll) 5' -ggccgcttaattaacggtttaaacgcgcgccaacagtgttgataa 
gaaaaacttagggtgaaagttcatcac-3' (@B3«-*f : 5 1), (T>5f-fc>XfJ0 5'-ggc 
cgtgatgaactttcaccctaagtttttcttatcaacactgttggcgcgcgtttaaaccgttaattaagc-3' 
(mm^ ■ 5 2) U ^n^n©1=^DNA£<J >iHbU 85°C 2#, 65 

°C 15#, 37°C 15fl\ mU 15^-trT-- U >^<*i*\ SeV cDNA^SE#&t?o 
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^ttpUC18£fcl£pBluescriptII3|CD >? n — - >/?"-+M h &m£^?'i-^- 
V cDNA^$l<^&t?o T^fccDNAT©'t7^;i/XS#lJ5£(*±IH©i®!5ff-9o 

tm^titzo w^xiirna^ LfcHffl<bRr#E& 

o ^;i/^°-a^^ffl^feF3te^^JIx FHN«fE^^fI^rV AcDNAfr ®^l£t£^ 
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, ^.fctJ 5 (b) m (-) fI-*$IRNA^-£-1-3^ yntW, ■frt ) tii2>&'&fo*'£ 

2. (-) ^— #^RNA#NP* W^SC> P*W1*W> jo&TPL* 

3 . (-) m~*mmAfr%^mLt£^£oiz&^ntc^>^n-y°$ wi* 

4. vsv-g#>;^sc&^£?n ts>f<ii i 3 ©i^n^iais©^*— o 

5. (-) fi— ^RNAAs-bvy^ ^^;i/^lCft*-rSN Ii3<Ijt 1 

6 . ( - ) ^— #$SRNA;&s<* e, ^ -FLtl^, itsffcB 1 5 
©^ftifrfcHBIE©^* — o 

7. Il5f<Ig 1 ipto Q(D^-?tl-fr\Z.mm(D^>7 $—\Z^&tlZ> (-) II-*tiRNA 

8 . af^fcJl 1 6©V^rti^(CaS«i6©^^^-©MB^^T$)oT, 

(a) ^£ v^^'T ;i/^©{^* < 3©ji>^D — 7*^ Wi£©&|g3fg 

L&^cfc^'&^ftfc^ ^v^^;^i:ft*t§ (-) fl-*|gRNASfe(i 

9 . li^Jl 1 6©OTftfri::SB*c©^#-©MB#&T&oT, 



WO 00/70070 



PCT/JPOO/03195 



- 85 - 

(-) ^—#fSRNA >^^Ix s :n>^D--7° 

10. II (b) fc&ttZfflti&<Dtgmifi, 3^>'<u — 7'*>sV7K&ftM-r2> 

1 1. II (b) I£*fflK, ^>^D--7°^> 

12. ^fflJJg^^jg^-§ai>^o_-7°^ w^©6D<J>fc < b% 1 MSB (- 

t& i oiipi— sS^JB8^e>i i cDv^-rn^^fBia^^^o 

1 3 . «fflJia^3^f Soi>^n — 7"^ >^K©'>& < 1 o#VSV-G* 
^ftT*5. ISM 8frib 1 2©^t ! n^^HB«©*^o 
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&" 4 s 4^ 



O' <X <X \/ 
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m 3 




1 : SeV virions 

2 : LLCMK2 

3 : LLC/F7-trypsin 

4 : LLC/F7+trypsin 



WO 00/70070 



PCT/JP00/03195 




WO 00/70070 



PCT/JPOO/03195 



6 2 



anti-F 



anti-T7 




1 2 3 4 5 6 7 8 9 10 

1 LLCMK2 

2 LLCMK2 /F+ad 3rd 

3 LLCMK2 /F-ad 

4 LLCMK2/F+ad 3d 

5 LLCMK2/F+ad 3d/Vac Id 

6 LLCMK2 /F+ad 3d/Vac 3d 




1 2 3 4 5 6 7 8 9 10 

7 CV-l/F-ad 

8 CV-l/F-ad 3d 

9 CV-l/F-ad 3d/Vac Id 
10 CV-l/F-ad 3d/Vac 3d 



anti-F 



anti-F 




123456789 10 11 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 



LLCMK2 
LLCMK2 /F+ad 
LLCMK2 /F+ad 
LLCMK2 /F+ad 
LLCMK2 /F+ad 
LLCMK2 /F+ad 
LLCMK2 / F+ad 
LLCMK2 / F+ad 
LLCMK2 /F+ad 
LLCMK2 /F+ad 
LLCMK2 /F+ad 



Id 
3d 

ld/AraC Id 
ld/AraC 3d 
ld/Vac Id 
ld/Vac 3d 
ld/AraC+Vac Id 
ld/AraC+Vac 3d 
ld/CHX Id 
ld/CHX 3d 




1 2 345 67 89 10 11 



1 : CV1 

2 : CVl/F+ad 

3 : CVl/F+ad 

4 : CVl/F+ad 
5: CVl/F+ad 

6 : CVl/F+ad 

7 : CVl/F+ad 

8 : CVl/F+ad 

9 : CVl/F+ad 

10 : CVl/F+ad 

11 : CVl/F+ad 



Id 

3d 

ld/AraC Id 
ld/AraC 3d 
ld/Vac Id 
ld/Vac 3d 
ld/AraC+Vac Id 
ld/AraC+Vac 3d 
ld/CHX Id 
ld/CHX 3d 
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06 
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09 



LLCMK2/F sup IZ cfc <£> 
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El 1 0 
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1 1 



1 1/62 



Wt SeV 



mm 



dFGFP 



SeV(wt) 

RT(h-) RT(-) 

I 1 I 1 

12 3 12 3 




SeV/AF-GFP 

RT(+) RT(-) 

I 1 I 1 

12 3 12 3 




1: +18-NP, +18Not.I1M h(2#3E<7)5tM 

2: M-GFP, GFP&fc^tfFm.fc^Xmffl&Vft&V*^ 

3: Fgene, Fitfc^O^ftOfilg 
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1 2 
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1 3 



jl j F gene 




2, M/GFP 

[Rg>[ 



;> SeV (wt) 



^> AFGFP 



Primer 






Set AFGFP 


F/AFGFP GFP/SeV 


SeV (wt) 


1 


+ + 


+ 


2 + 


+ 
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16X62 



1 6 



cntrl/a c-kit 4- - 
cntrl/a c-kit - ^ 
GFP-wtSeV/a c-kit + 
GFP-wtSeV/a c-kit - 
GFP-dFSeV/a c-kit + 
GFP-dFSeV/a c-kit - 

cntrl/a c-kit + - 
cntrl/a c-kit - ~ 
GFP-wtSeV/a c-kit h 
GFP-wtSeV/a c-kit - - 
GFP-dFSeV/a c-kit + - 
GFP-dFSeV/a c-kit - - 




□ PE+/GFP- 
fH PE+/GFP+ 



□ PE+/GFP- 
M PE+/GFP+ 
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1 7 

in vivo 
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HI 1 8 



LLC-MK2 LLC-MK2/F7 LLC-MK2 LLC-MK2/F7 




123456 789 10 11 12 
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19,76 2 



1 9 



mmmwwmmm (P2) 




Dilutiond&i?) 
13 



2 
4 
8 

16 

32 

64 

128 

256 



14 
15 
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SEQUENCE LISTING 

<U0> DNAVEC Research Inc. 

<120> Paramyxovirus vectors deficient in envelope genes 

<130> D3-103PCT 

<140> 
<141> 

<150> JP 1999-200739 
<151> 1999-05-18 

<160> 52 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Sequence 
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<400> 1 

atgcatgccg gcagatga 

<210> 2 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 2 

gttgagtact gcaagagc 

<210> 3 
<211> 42 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 



<400> 3 
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tttgccggca tgcatgtttc ccaaggggag agttttgcaa cc 42 

<210> 4 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 4 

atgcatgccg gcagatga 18 

<210> 5 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 



<400> 5 

tgggtgaatg agagaatcag c 



21 
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<210> 6 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially- 
Synthesized Primer Sequence 

<400> 6 

atgcatatgg tgatgcggtt ttggcagtac 30 

<210> 7 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 7 

tgccggctat tattacttgt acagctcgtc 30 



<210> 8 
<211> 21 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 8 

atcagagacc tgcgacaatg c 21 

<210> 9 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 9 

aagtcgtgct gcttcatgtg g 21 

<210> 10 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 10 

acaaccacta cctgagcacc cagtc 25 

<210> 11 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 11 

gcctaacaca tccagagatc g 21 

<210> 12 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<220> 
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<223> Description of Artificial Sequence: Artificiall 
Synthesized Primer Sequence 

<400> 12 

acattcatga gtcagctcgc 

<210> 13 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificiall 
Synthesized Primer Sequence 

<400> 13 

atcagagacc tgcgacaatg c 

<210> 14 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificiall 
Synthesized Primer Sequence 



WO 00/70070 



PCT/JP00/03195 



8/25 

<400> 14 

aagtcgtgct gcttcatgtg g 21 

<210> 15 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 15 

gaaaaactta gggataaagt ccc 23 

<210> 16 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 



<400> 16 
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gttatctccg ggatggtgc 19 

<210> 17 
<211> 45 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 17 

gcgcggccgc cgtacggtgg caaccatgtc gtttactttg accaa 45 

<210> 18 
<211> 80 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 18 

gcgcggccgc gatgaacttt caccctaagt ttttcttact acggcgtacg ctattacttc 60 
tgacaccaga ccaactggta 80 
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<210> 19 
<211> 41 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 19 

ccaccgacca cacccagcgg ccgcgacagc cacggcttcg g 41 

<210> 20 
<211> 41 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 20 

ccgaagccgt ggctgtcgcg gccgctgggt gtggtcggtg g 41 



<210> 21 
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<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 21 

gaaatttcac ctaagcggcc gcaatggcag atatctatag 40 

<210> 22 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 22 

ctatagatat ctgccattgc ggccgcttag gtgaaatttc 40 

<210> 23 
<211> 43 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificiall 
synthesized sequence 

<400> 23 

gggataaagt cccttgcggc cgcttggttg caaaactctc ccc 

<210> 24 
<211> 43 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificiall 
synthesized sequence 

<400> 24 

ggggagagtt ttgcaaccaa gcggccgcaa gggactttat ccc 

<210> 25 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 25 

ggtcgcgcgg tactttagcg gccgcctcaa acaagcacag atcatgg 47 

<210> 26 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 26 

ccatgatctg tgcttgtttg aggcggccgc taaagtaccg cgcgacc 47 

<210> 27 
<211> 44 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
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synthesized sequence 
<400> 27 

cctgcccatc catgacctag cggccgcttc ccattcaccc tggg 44 

<210> 28 
<211> 44 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 28 

cccagggtga atgggaagcg gccgctaggt catggatggg cagg 44 

<210> 29 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 
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<400> 29 

gcggcgcgcc atgctgctgc tgctgctgct gctgggcctg 40 

<210> 30 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 30 

gcggcgcgcc cttatcatgt ctgctcgaag cggccggccg 40 

<210> 31 
<211> 74 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 31 

gcggccgcgt ttaaacggcg cgccatttaa atccgtagta agaaaaactt agggtgaaag 60 
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ttcatcgcgg ccgc 74 

<210> 32 
<211> 74 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 32 

gcggccgcga tgaactttca ccctaagttt ttcttactac ggatttaaat ggcgcgccgt 60 
ttaaacgcgg ccgc 74 

<210> 33 
<211> 48 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 33 

acttgcggcc gccaaagttc agtaatgtcc atgttgttct acactctg 



48 
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<210> 34 
<211> 72 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 34 

atccgcggcc gcgatgaact ttcaccctaa gtttttctta ctacggtcag cctcttcttg 60 
tagccttcct gc 72 

<210> 35 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 35 

ggagaagtct caacaccgtc cacccaagat aatcgatcag 



40 
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<210> 36 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 36 

ctgatcgatt atcttgggtg gacggtgttg agacttctcc 40 

<210> 37 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 37 

gtatatgtgt tcagttgagc ttgctgtcgg tctaaggc 38 

<210> 38 
<211> 38 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 38 

gccttagacc gacagcaagc tcaactgaac acatatac 38 

<210> 39 
<211> 45 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 39 

caatgaactc tctagagagg ctggagtcac taaagagtta cctgg 45 

<210> 40 
<211> 45 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 40 

ccaggtaact ctttagtgac tccagcctct ctagagagtt cattg 45 

<210> 41 
<211> 52 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 41 

gtgaaagttc atccaccgat cggctcactc gaggccacac ccaaccccac eg 52 

<210> 42 
<211> 52 
<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 42 

cggtggggtt gggtgtggcc tcgagtgagc cgatcggtgg atgaactttc ac 52 

<210> 43 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 43 

cttagggtga aagaaatttc agctagcacg gcgcaatggc agatatc 47 

<210> 44 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 
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<400> 44 

gatatctgcc attgcgccgt gctagctgaa atttctttca ccctaag 47 

<210> 45 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 45 

cttagggata aagtcccttg tgcgcgcttg gttgcaaaac tctcccc 47 

<210> 46 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 46 
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ggggagagtt ttgcaaccaa gcgcgcacaa gggactttat ccctaag 47 

<210> 47 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 47 

ggtcgcgcgg tactttagtc gacacctcaa acaagcacag atcatgg 47 

<210> 48 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 48 

ccatgatctg tgcttgtttg aggtgtcgac taaagtaccg cgcgacc 



47 
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<210> 49 
<211> 49 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 49 

cccagggtga atgggaaggg ccggccaggt catggatggg caggagtcc 49 

<210> 50 
<211> 49 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 50 

ggactcctgc ccatccatga cctggccggc ccttcccatt caccctggg 49 

<210> 51 
<211> 72 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 51 

ggccgcttaa ttaacggttt aaacgcgcgc caacagtgtt gataagaaaa acttagggtg 60 
aaagttcatc ac 72 

<210> 52 
<211> 72 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 52 

ggccgtgatg aactttcacc ctaagttttt cttatcaaca ctgttggcgc gcgtttaaac 60 
cgttaattaa gc 72 
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DESCRIPTION 

ENVELOPE GENE-DEFICIENT VIRUS VECTOR OF PARAMYXOVIRIDAE 

5 Technical Field 

The present invention relates to an envelope gene-deficient 
viral vector of Paramyxoviridae . 

Background Art 

10 In many clinical approaches of gene therapy until now, viral 

vectors from retroviruses, adenoviruses, and adeno-associated 
viruses have been used. These gene therapy vectors have limitations 
in gene introducing efficiency and persistent expression, and also 
have cell toxicity, and immunogenicity , which are crucial problems 

15 when it comes to the medical application of these vectors (Lamb, R.A. 
& Kolakof sky, D., Paramyxoviridae: the viruses and their replication. 
in Fields Virology, 3rd edn, (Edited by B. N. Fields, D. M. Knipe 
&P. P.Howley) pp. 1177-1204 (Philadelphia, Lippincott-Raven (1996)). 
Novel vectors based on lentiviruses and HSV have been proposed as 

20 countermeasures, and extensive research is also being carried out 
to improve existing vectors. However, all of these vectors exist in 
the form of DNA within the nucleus throughout the life cycle. 
Therefore, it is difficult to fully overcome concerns of safety 
related to random interactions with the patient's chromosomes. 

25 Recent rapid progress of reverse genetics technologies is 

making it possible to develop vectors based on RNA viruses, the 
development of which has been long delayed. Recombinant RNA virus 
vectors show high gene introduction efficiency and expression 
capability, and thus show a very high potentiality as vectors for 

30 gene therapy (Roberts, A. & Rose, J. K. , Virology 247, 1-6 (1998); 
Rose, J., Proc. Natl. Acad. Sci. USA 94, 14998-15000 (1996); Palese, 
P. et al. , Proc. Natl. Acad. Sci. USA 93, 11354-11358 (1996) ) . However, 
practically useable paramyxovirus vectors derived from deficient type 
genome of attenuated viruses have not been reported yet. 

35 Paramyxovirus vectors having negative-strand RNA as the genome 

have several characteristics significantly different from 



2 



retroviruses, DNA viruses or positive-strand RNA virus vectors. 
Genomes or antigenomes of negative-strand RNA viruses do not directly 
function as mRNA, so they cannot initiate the synthesis of viral 
proteins and genome replication. Both RNA genome and antigenome of 
5 these viruses always exist in the form of a ribonucleoprotein complex 
(RNP) , so they hardly cause problems caused by antisense strands, 
such as interfering with the assembly of genome to RNP due to mRNA 
hybridizing with naked genomic RNA, as in the case of positive strand 
RNA viruses. These viruses comprise their own RNA polymerases, 

10 performing the transcription of viral mRNAs or replication of viral 
genomes using RNP complex as the template. Worthy of mentioning is 
that negative-strand RNA (nsRNA) viruses proliferate only in the 
cytoplasm of host cells, causing no integration thereof into 
chromosomes, because they do not go through a DNA phase . Furthermore, 

15 no homologous recombination among RNAs has been recognized. These 
properties are considered to contribute a great deal to the stability 
and safety of negative-strand RNA viruses as gene expressing vectors . 

Among negative-strand RNA viruses, present inventors have been 
focusing their attention on the Sendai virus (SeV) . Sendai virus is 

20 a non-segmented type negative-strand RNA virus belonging to the genus 
Paramyxovirus, and is a type of murine parainfluenza virus . The virus 
attaches to the host cell membrane via two envelope glycoproteins, 
the hemagglutinin-neuraminidase (HN) and fusion protein (F) , causes 
membrane fusion, and efficiently releases its own RNA polymerase and 

25 the RNA genome, which exists as a ribonucleoprotein (RNP) complex, 
into the cytoplasm, and carries out mRNA transcription of the virus 
and genome replication at the site (Bitzer, M. et al . , J. Virol. 
71(7) :5481~5486, 1997) . The viral envelope protein F is synthesized 
as an inactive precursor protein (F 0 ) , then divided into Fl and F2 

30 by proteolytic cleavage with trypsin (Kido, H. et al., Biopolymers 
(Peptide Science) 51(1): 79-86, 1999), and thus becomes an active 
form protein to cause membrane fusion. This virus has been said to 
be non-pathogenic towards humans . in addition, an attenuated 
laboratory strain (Z strain) of Sendai virus has been isolated, which 

35 only induces mild pneumonia in rodents, the natural hosts. This 
strain has been widely used as a research model for molecular level 
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studies of the transcription-replication mechanism of 
paramyxoviruses and used for preparing hybridomas . In addition to 
the high safety mentioned above, the virus shows a high production 
titer of 10 9 " 11 pfu/ml in cell lines or chicken eggs. In one recently 
5 successful recovery system of negative-strand RNA virus vector from 
cDNA, especially high reconstitution efficiency has been seen in the 
case of Sendai virus . The capability of recombinant wild type viruses 
introduced with exogenous genes, to efficiently and stably express 
introduced exogenous genes is gaining wide attention. 

10 Thus, negative-strand RNA viruses have many advantages as gene 

introducing vectors. However, to apply for gene therapy, the 
development of highly safe vectors that do not release infectious 
particles when infected to cells is desired. For that purpose, a 
technique that mass produces viruses deficient in wild type virus 

15 production capability is necessary. However, development of an 
applicable vector based on an envelope gene-deficient genome has not 
yet been successful. 

Disclosure of the Invention 

20 The aim of present invention is to provide a paramyxovirus 

vector deficient in an envelope gene. 

To construct a paramyxovirus vector suitable for gene therapy , 
which completely lacks a propagation capability, the present 
inventors deleted F gene of SeV from the genome to establish a method 

25 to recover infectious virus particles in cells expressing F protein 
of Sendai virus, using cDNA in which GFP gene is introduced as a 
reporter. Through this F gene-deficient virus vector, a gene is 
introduced into rat neuronal cells in primary cultures, primitive 
mouse blood stem cells, human normal cells, and various other types 

30 of cells with a high efficiency, and a high expression was seen. 
Furthermore, high expression was obtained when administrated into 
rat brain in vivo. The F gene-deficient SeV vector expresses a gene 
relatively persistently and strongly in the infected cells without 
producing secondary infectious virus particles, and does not 

35 propagate within adjacent cells. Thus, the usefulness of the vector 
for gene therapy was suggested. 
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Furthermore , the present inventors produced a SeV vector cDNA 
deficient in both F gene and HN gene, to establish a method to recover 
infectious virus particles in a cell line expressing F protein and 
HN protein of Sendai virus . In addition, by introducing the SeV vector 
5 cDNA into F-expressing cells , the present inventors succeeded in 
constructing SeV vector deficient in the HN protein. 

Thus, the present invention establishes an applicable novel 
envelope gene-deficient vector system based on a negative-strand RNA 
virus for the first time. The success in the recovery of infectious 

10 deficient virus particles from F gene-deficient, or FHN 
gene-deficient genomic cDNA using helper cells pave the way for 
research and development of novel vectors for gene therapy taking 
advantage of the remarkable characteristics of Sendai virus. 

The deficient Sendai virus vector of the present invention has 

15 an extremely high gene-introducing efficiency towards various cell 
types and an enormous capability of expressing an exogenous gene. 
Furthermore, it express persistently in infected cells and does not 
release secondary infectious virus particles, proving that it is a 
highly safe vector completely without virus-propagating capability. 

20 The stability of genome is pointed out as a problem when using 

RNA viruses. Heterologous gene expression by SeV vector showed 
hardly any base mutations after continual multiple passages, showing 
that it expresses the inserted heterologous gene stably for a long 
period (Yu, D. et al. Genes cells 2, 457-466 (1997)). Vectors based 

25 on negative-strand RNA virus replicons have several advantageous 
characteristics such as genome stability or flexibility of the size 
of the gene introduced or packaging, for they do not have the capsid 
structural protein, when compared to vectors based on replicons of 
Semliki forest virus, an already successful positive-strand RNA virus, 

30 or those of Sindbis virus. At least 4 kbp of exogenous DNA can be 
inserted into the wild type Sendai virus vector, and a much longer 
one can be inserted into the deficient vector. By adding a 
transcription unit, two or more kinds of genes may be expressed 
simultaneously. Persistent expression is expected in the vector 

35 based on replicon of Sendai virus since theoretically, multicopied 
RNPs replicated in the cytoplasm are distributed into daughter cells 
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when cell division occurs. Actually, this has been demonstrated in 
an in vitro study in a certain kind of blood cells . Furthermore, since 
the present inventors have confirmed that the Sendai virus vector 
is introduced with a high efficiency into blood cells, especially 
5 granulocytic cells, and also that it is introduced into c-kit 
positive primitive cells, the vector is thought to be a very highly 
applicable vector with a very extensive tissue application range. 

Thus, the present invention relates to envelope gene-deficient 
Sendai virus vector, more specifically to: 

10 (1) A virus vector of Paramyxoviridae comprising a complex 

comprising (a) paramyxovirus-derived negative-strand 

single-stranded RNA modified not to express at least one envelope 
protein of Paramyxoviridae viruses, and (b) a protein that binds to 
said negative-strand single-stranded RNA; 

15 (2) The vector according to (1), wherein the negative-strand 

single-stranded RNA expresses NP protein, P protein, and L protein, 
and is modified not to express F protein and/or HN protein; 

(3) The vector according to (1) or (2), comprising at least one 
of the envelope proteins whose expression was suppressed in the 

20 modified negative-strand single-stranded RNA; 

(4) A vector according to any one of (1) to (3), comprising VSV-G 
protein; 

(5) A vector according to any one of (1) to (4) , wherein the 
negative-strand single-stranded RNA is derived from Sendai virus; 

25 (6) A vector according to any one of (1) to (5), wherein the 

negative-strand single-stranded RNA further encodes an exogenous 
gene; 

(7) A DNA encoding negative-strand single-stranded RNA comprised 
in a vector according to any one of (1) to (6) , or the complementary 

30 strand thereof; 

(8) A method for producing a vector according to any one of (1) 
to (6), comprising the following steps of: 

(a) expressing vector DNA encoding paramyxovirus-derived 
negative-strand single-stranded RNA modified not to express at least 
35 one envelope protein of Paramyxoviridae viruses, or the complementary 
strand, by introducing into cells expressing the envelope protein, 
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(b) culturing said cells, and, 

(c) recovering the virus particles from the culture supernatant; 

(9) A method for producing a vector according to any one of (1) 
to (6), comprising the steps of, 

5 (a) introducing, a complex comprising paramyxovirus-derived 

negative-strand single-stranded RNA modified not to express at least 
one envelope protein of Paramyxoviridae viruses , and a protein binding 
to said negative-strand single-stranded RNA, into cells expressing 
said envelope protein, 
10 (b) culturing said cell, and, 

(c) recovering virus particles from the culture supernatant; 

(10) The method according to (8) or (9), wherein the cell culture 
in (b) is a co-culture with cells expressing envelope proteins; 

(11) The method according to (8) or (9), wherein cells expressing 
15 ■ envelope proteins are overlaid to said cells in cell culture in (b) ; 

(12) A method according to any one of (8) to (11) , wherein at least 
one envelope protein expressed by cells is identical to at least one 
envelope protein whose expression is suppressed in the 
negative-strand single-stranded RNA described above; 

20 (13) A method according to any one of (8) to (12) , wherein at least 

one envelope protein expressed by the cells is VSV-G protein. 

in the present invention, the term ''vector 7 ' indicates virus 
particles in which nucleic acid molecules for expressing exogenous 
25 gene in hosts are packaged. 

"NP, P, M, F, HN and L genes'' of viruses belonging to the family 
Paramyxoviridae refer to genes encoding nucleocapsid, phospho, matrix, 
fusion, hemagglutinin-neuraminidase and large proteins, 
respectively. Respective genes of viruses belonging to subfamilies 
30 of the family Paramyxoviridae are represented in general as follows. 
NP gene is generally described also as the gene". 

Genus N P/C/V M F HN - L 

Respirovirus 

Genus N P/V M F HN (SH) L 

Rubullavirus 

Genus N P/C/V M F H - L 
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Morbillivirus 

Database accession numbers for nucleotide sequences of genes 
of the Sendai virus classified into Respirovirus of the family 
Paramyxoviridae are, M29343, M30202, M30203, M30204, M51331, M55565, 
M69046 andX17218 f or NP gene, M30202, M30203, M30204, M55565, M69046, 

5 X00583, X17007 and X17008 for P gene, D11446, K02742, M30202, M30203, 
M30204, M69046, U31956, X00584 and X53056 for M gene, D00152, D11446, 
D17334, D17335, M30202, M30203, M30204, M69046, X00152 and X02131 
for F gene, D26475, M12397, M30202, M30203, M30204, M69046, X00586, 
X02808 and X56131 for HN gene, and D00053, M30202, M30203, M30204, 

10 M69040, X00587 and X58886 for L gene. 

The present invention relates to envelope gene-deficient 
virus vectors of Paramyxoviridae. The virus vector comprises 
paramyxovirus-derived negative-strand single-stranded RNA modified 
not to express at least one envelope protein. Paramyxovirus 

15 generally comprises a complex of RNA and protein ( ribonucleoprotein; 
RNP) in the envelope. The RNA comprised in RNP is negative-strand 
(negative-strand) single-stranded RNA, which is the genome of 
paramyxovirus. The protein binds to the RNA to form the complex. 
Namely, a virus vector of Paramyxoviridae according to this invention 

20 comprises a complex comprising (a) a paramyxovirus-derived 
negative-strand single-stranded RNA modified so as not to express 
at least one of the envelope proteins of Paramyxoviridae viruses and 
(b) a protein binding to said negative-strand single-stranded RNA. 
Proteins binding to a negative-strand single-stranded RNA refer to 

25 proteins binding directly and/or indirectly to the negative-strand 
single-stranded RNA to form an RNP complex with the negative-strand 
single-stranded RNA. In general, negative-strand single-stranded 
RNA (genomic RNA) of paramyxovirus is bound to NP, P and L proteins. 
RNA contained in this RNP serves as the template for transcription 

30 and replication of RNA (Lamb, R. A., and D. Kolakofsky, 1996, 
Paramyxoviridae : The viruses and their replication, pp. 1177-1204. 
In Fields Virology, 3 rd edn. Fields, B. N., D. M. Knipe, and P. M. 
Howley et al. (ed. ) , Raven Press, New York, N. Y. ) . Complexes of this 
invention include those comprising negative-strand single-stranded 

35 RNAs originating in paramyxovirus and proteins also originating in 
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paramyxovirus which bind to the RNAs . Vectors of this invention 
comprises RNP comprising, for example, negative-strand 
single-stranded RNA of paramyxoviruses to which these proteins (NP, 
P and L proteins) are bound. In general, RNP complexes of 

5 paramyxovirus are capable of autonomously self-replicating in host 
cells. Thus, vectors transferred to cells intracellularly 
proliferate RNP to increase the copy number of the gene (RNA contained 
in complex) , thereby leading to a high level expression of a foreign 
gene from RNP carrying the foreign gene. Vectors of this invention 

10 are preferably those capable of replicating RNA contained in complexes 
(RNP) in transfected cells. 

In addition to the Sendai virus, the Paramyxoviridae virus for 
which the present invention can be applied is, for instance, measles 
virus, simian parainfluenza virus (SV5) , and human parainfluenza 

15 virus 3, but is not limited to thereto. 

Negative-strand single-stranded RNAs contained in viral 
vectors are modified, typically, so as to express NP, P and L proteins, 
but not F and/or HN proteins. 

In the case of Sendai virus (SeV) , the genome of the natural 

20 virus is approximately 15,000 nucleotides in size, and the 
negative-strand comprises six genes encoding NP (nucleocapsid) , P 
(phospho), M (matrix), F (fusion), HN (hemagglutinin- neuraminidase) 
and L (large) proteins lined in a row following the 3' -short leader 
region, and a short 5' -trailer region on the other end. In this 

25 invention, this genome can be modified so as not to express envelope 
proteins by designing a genome deficient in any of F, HN and M genes, 
or any combination thereof. Deficiency in either F gene or HN gene, 
or both is preferred. Since these proteins are unnecessary for the 
formation of RNP, RNPs of this invention can be manufactured by 

30 transcribing this genomic RNA (either positive or negative-strand) 
in the presence of NP, P and L proteins . RNP formation can be performed, 
for example, in LLC-MK2 cells, or the like. NP, P and L proteins can 
be supplied by introducing to cells expression vectors carrying the 
respective genes for these proteins (cf . examples) . Each gene may 

35 be also incorporated into chromosomes of host cells . NP, P and L genes 
to be expressed for the formation of RNP need not be completely 
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identical to those genes encoded in the genome of the vector. That 
is, amino acid sequences of proteins encoded by these genes may not 
be identical to those of proteins encoded by RNP genome, as long as 
they can bind to the genomic RNA and are capable of replicating RNP 
5 in cells, and these genes may be induced with mutations or replaced 
with homologous genes from other viruses. Once an RNP is formed, NP, 
P and L genes are expressed from this RNP to autonomously replicate 
RNP in the cells and produce viral vectors. 

If an envelop protein is infected to cells when reconstituting 

10 a vector within cells, this envelop protein will be incorporated into 
cells, enabling the production of infectious viral vectors due to 
the envelope protein. Such a vector, once infected to cells, cannot 
produce viruses comprising an envelope protein as the initial virus 
can, because it does not have the envelope gene, though it can 

15 propagate RNP within the cells . Such a vector is very useful in fields 
such as gene therapy where exceptionally high safety is required. 

Viral vectors with equivalent infection capability as the wild 
type virus can be produced by expressing the envelope protein whose 
expression is suppressed in modified negative-strand single-stranded 

20 RNA, namely envelope gene deficient in the genome, at the time of 
virus reconstitution . Expressing a portion of envelope gene 
deficient in the genome is also conceivable. For example, when F 
protein alone is expressed against the genome deficient in both F 
and HN gene, a virus vector with F protein as envelope is produced. 

25 The virus with only F protein, but without HN protein, can be used 
as a vector that infects specifically to hepatocytes, mediated by 
asialoglycoprotein receptor (ASG-R) . Thus, viral vectors of 
Paramyxoviridae comprising at least one envelope protein whose 
expression is suppressed in modified negative-strand single-stranded 

30 RNA are included in the present invention. 

In addition, it is also possible to reconstitute the vector of 
the present invention by using envelope proteins different from that 
whose expression was suppressed by modifying negative-strand 
single-stranded RNA. There is no particular limitation on the type 

35 of such envelope proteins. One example of other viral envelope 
proteins is the G protein (VSV-G) of vesicular stomatitis virus (VSV) . 
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The virus vector of Paramyxoviridae of the present invention includes 
pseudo-type viral vectors comprising envelope protein derived from 
a virus different to the virus from which the genome is derived, such 
as VSV-G protein, and the like. 

Viral vectors of this invention can be usually prepared by (a) 
introducing a vector DNA encoding paramyxovirus-derived 
negative-strand single-stranded RNA that has been modified so as not 
to express at least one of the viral envelope proteins of 
Paramyxoviridae viruses, or a complementary strand of said RNA, into 
cells (helper cells) expressing envelope proteins to express the RNAs , 
and (b) culturing the cells to recover viral particles from the culture 
supernatant. By coexpressing NP, L and P proteins at the time of 
vector DNA expression, RNPs are formed and a virus having envelope 
proteins is constructed . 

Vector DNA to be expressed in helper cells encodes 
negative-strand single-stranded RNA (negative-strand) or 
complementary strand thereof (positive strand) contained in complexes 
of this invention. For example, DNA encoding negative-strand 
single-stranded RNA or complementary strand thereof is linked 
downstream of T7 promoter to be transcribed to RNA by T7 RNA polymerase . 
Vector DNAs may be cloned into plasmids to amplify in E. coli. 
Although the strand to be transcribed inside cells may be either 
positive or negative-strand, it is preferable to arrange so as to 
transcribe the positive strand for the improvement of complex 
reconstitution efficiency . 

As helper cells, cells expressing envelope protein are used. 
As described above, helper cells are not limited to cells expressing 
all proteins of envelope genes deficient in the virus vector, for 
instance, for F, HN gene-deficient Sendai virus vector DNA, cells 
expressing F protein alone can be used as helper cells. In addition, 
cells expressing envelope protein different to the protein encoded 
by the envelope gene deficient in the virus vector may also be used. 
For example, as described above, an envelope protein that is not the 
envelope protein of a virus of Paramyxoviridae such as VSV-G protein 
can also be used as an envelope protein. 

For example, a viral vector can be reconstituted by transf ecting 
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a plasmid expressing a recombinant Sendai virus vector genome 
deficient in envelope genes into host cells together with a vector 
expressing the deficient envelope protein and NP, P/C and L protein 
expression vectors. Alternatively, RNP complex can be manufactured 

5 using, for example, host cells incorporated with F gene into 
chromosomes thereof. Amino acid sequences of these protein groups 
supplied from outside the viral genome need not be identical to those 
deriving from the virus . As long as these proteins are equally active 
to or more active than natural type proteins in transferring nucleic 

10 acids into cells, genes encoding these proteins may be modified by 
inserting some mutations or replacing with homologous genes from other 
viruses . Since, in general, many envelope proteins show cytotoxicity, 
and therefore, they may be arranged to be expressed only when the 
vector is reconstituted under the control of an inducible promoter 

15 (cf . examples) . 

Once RNP or virus comprising RNP is formed, complexes of this 
invention can be amplified by introducing this RNP or virus again 
into the aforementioned helper cells and culturing them. This 
process comprises the steps of (a) introducing a complex comprising 

20 negative-strand single-stranded RNA derived from paramyxovirus 
modified not to express at least one envelope protein of viruses 
belonging to Paramyxoviridae, and a protein that binds to said 
negative-strand single-stranded RNA to cells expressing envelope 
proteins, and (b) culturing the cells and recovering virus particles 

25 from the culture supernatant. 

RNP may be introduced to cells as a complex formed together with, 
for example, lipof ectamine and a polycationic liposome. 
Specifically, a variety of transfection reagents can be utilized. 
Examples thereof are DOTMA (Boehringer) , Superfect (Q1AGEN #301305) , 

30 DOTAP, DOPE, DOSPER (Boehringer #1811169) , etc. Chloroquine may be 
added to prevent RNP from decomposition in endosomes (Calos, M. P., 
1983, Proc. Natl. Acad. Sci. USA 80: 3015). 

Once a viral vector is thus constructed in host cells, it can 
be further amplified by coculturing these cells with cells expressing 

35 envelope proteins. As described in Example 12, a preferable example 
is the method of overlaying cells expressing envelope proteins over 
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virus producing cells . 

As an envelope protein, besides a viral envelope protein, for 
example, a chimeric protein comprising, in its extracellular region, 
a polypeptide derived from an adhesion molecule, ligand, receptor 
protein, and such that can adhere to specific cells, and in its 
intracellular region, polypeptides derived from virus envelope can 
be used. Hereby, vectors targeted to specific tissues can be produced. 
Viral vectors of this invention, for example, may comprise a viral 
gene contained in the vector that has been modified to reduce the 
antigenicity or enhance the RNA transcription and replication 
efficiency . 

Viral vectors of this invention may include RNA encoding a 
foreign gene in their negative-strand single-stranded RNA. Any gene 
desired to be expressed in target cells may be used as the foreign 
gene. For example, when gene therapy is intended, a gene for treating 
an objective disease is inserted into the viral vector DNA. In the 
case where a foreign gene is inserted into the viral vector DNA, for 
example, Sendai viral vector DNA, it is preferable, to insert a 
sequence comprising a nucleotide number of a multiple of six between 
the transcription termination sequence (E) and transcription 
initiation sequence (S) , etc. (Journal of Virology, Vol. 67, No. 8, 
1993, p. 4822-4830) . Foreign gene may be inserted before or after each 
of the virus genes (NP, P, M, F, HN and L genes) (cf . examples) . E-I-S 
sequence (transcription initiation sequence-intervening 

sequence-transcription termination sequence) or portion thereof is 
appropriately inserted before or after a foreign gene so as not to 
interfere with the expression of genes before or after the foreign 
gene. Expression level of the inserted foreign gene can be regulated 
by the type of transcription initiation sequence added upstream of 
the foreign gene, as well as the site of gene insertion and nucleotide 
sequences before and after the gene. For example, in Sendai virus, 
the nearer the insertion site is to the 3' -end of negative-strand 
RNA (in the gene arrangement on the wild type viral genome, the nearer 
to NP gene), the higher the expression level of the inserted gene 
is. To secure a high expression level of a foreign gene, it is 
preferable to insert the foreign gene into upstream region in 
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negative-strand genome such as upstream of NP gene (the 3' -side in 
negative-strand) or between NP and P genes. Conversely, the nearer 
the insertion position is to the 5' -end of negative-strand RNA (in 
the gene arrangement on the wild type viral genome, the nearer to 
L gene) , the lower the expression level of the inserted gene is. To 
suppress the expression of a foreign gene to -a low level, the foreign 
gene is inserted, for example, to the far most 5' -side of the 
negative-strand, that is, downstream of L gene in the wild type viral 
genome (the 5' -side adjacent to L gene in negative-strand) or upstream 
of L gene (the 3' -side adjacent to L gene in negative-strand) . To 
facilitate the insertion of a foreign gene, a cloning site may be 
designed at the inserting position. The cloning site can be arranged 
to be, for example, the recognition sequence for restriction enzymes. 
Foreign gene fragments can be inserted into the restriction enzyme 
site in the vector DNA encoding the genome. Cloning site may be 
arranged to be a so-called multi-cloning site comprising a plurality 
of restriction enzyme recognition sequences. Vectors of this 
invention may harbor at the insertion sites foreign genes other than 
those described above. 

Recombinant Sendai virus vectors comprising a foreign gene can 
be constructed as follows according to, for example, the description 
in x> Kato, A. et al . , 1997, EMBO J. 16: 578-587" and "Yu, D. et al., 
1997, Genes Cells 2: 457-466". 

First, a DNA sample comprising the cDNA nucleotide sequence of 
a desired foreign gene is prepared. It is preferable that the DNA 
sample can be electrophoretically identified as a single plasmid at 
concentrations of 25 ng/pl or more. Below, a case where a foreign 
gene is inserted to DNA encoding viral genome utilizing Notl site 
will be described as an example. When Notl recognition site is 
included in the objective cDNA nucleotide sequence, it is preferable 
to delete the Not! site beforehand by modifying the nucleotide 
sequence using site-specific mutagenesis and such method so as not 
to alter the amino acid sequence encoded by the cDNA. From this DNA 
sample, the desired gene fragment is amplified and recovered by PCR. 
To have Notl sites on the both ends of amplified DNA fragment and 
further add a copy of transcription termination sequence (E) , 
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intervening sequence (I) and transcription initiation sequence (S) 
(EIS sequence) of Sendai virus to one end, a forward side synthetic 
DNA sequence and reverse side synthetic DNA sequence (antisense 
strand) are prepared as a pair of primers containing NotI restriction 
enzyme cleavage site sequence, transcription termination sequence 
(E) , intervening sequence (I) , transcription initiation sequence (S) 
and a partial sequence of the objective gene. 

For example, to secure cleavage by NotI, the forward side 
synthetic DNA sequence is arranged in a form in which any two or more 
nucleotides (preferably 4 nucleotides excluding GCG and GCC, 
sequences originating in NotI recognition site, more preferably ACTT) 
are selected on the 5' -side of the synthetic DNA, NotI recognition 
site "gcggccgc" is added to its 3' -side, and to the 3' -side thereof, 
any desired 9 nucleotides or nucleotides of 9 plus a multiple of 6 
nucleotides are added as the spacer sequence, and to the 3' -side 
thereof, about 25 nucleotide-equivalent ORE including the initiation 
codon ATG of the desired cDNA is added. It is preferable to select 
about 25 nucleotides from the desired cDNA as the forward side 
synthetic DNA sequence so as to have G or C as the final nucleotide 
on its 3' -end. 

In the reverse side synthetic DNA sequence, any two or more 
nucleotides (preferably 4 nucleotides excluding GCG and GCC, 
sequences originating in the NotI recognition site, more preferably 
ACTT) are selected from the 5' -side of the synthetic DNA, NotI 
recognition site "gcggccgc" is added to its 3' -side, and to its further 
3' -side, an oligo DNA is added as the insertion fragment to adjust 
the length. This oligo DNA is designed so that the total nucleotide 
number including the NotI recognition site "gcggccgc", complementary 
sequence of cDNA and EIS nucleotide sequence of Sendai virus genome 
originating in the virus described below becomes a multiple of six 
(so-called *rule of six"; Kolakofski, D. et al . , J. Virol. 72: 8 91-8 99, 
1998). Further to the 3' -side of inserted fragment, a sequence 
complementary to S sequence of Sendai virus, preferably 
5' -CTTTCACCCT-3' , I sequence, preferably 5'-AAG-3', and a sequence 
complementary to E sequence, preferably 5' -TTTTTCTTACTACGG-3' , is 
added, and further to the 3' -side thereof, about 25 
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nucleotide-equivalent complementary sequence counted in the reverse 
direction from the termination codon of the desired cDNA sequence 
the length of which is adjusted to have G or C as the final nucleotide, 
is selected and added as the 3' -end of the reverse side synthetic 
5 DNA. 

PCR can be done according to the usual method with, for example, 
ExTaq polymerase (Takara Shuzo) . Preferably, PCR is performed using 
Vent polymerase (NEB) , and desired fragments thus amplified are 
digested with NotI, then inserted to NotI site of the plasmid vector 

10 pBluescript. Nucleotide sequences of PCR products thus obtained are 
confirmed with a sequencer to select a plasmid having the right 
sequence. The inserted fragment is excised from the plasmid using 
NotI, and cloned to the NotI site of the plasmid carrying the genomic 
cDNA deficient in envelope genes. Alternatively, it Is also possible 

15 to obtain the recombinant Sendai virus cDNA by directly inserting 
the fragment to the NotI site without the mediation of the plasmid 
vector pBluescript. 

It is also possible to transcribe a viral vector DNA of the 
present invention in test tubes or cells, reconstitute RNP with viral 

20 L, P and NP proteins, and produce the virus vector comprising this 
RNP. Reconstitution of virus from the viral vector DNA can be carried 
out according to methods known in the art using cells expressing 
envelope proteins (W097/16539 and 97/16538: Durbin, A. P. et al . , 
1997, Virology 235: 323-332; Whelan, S. P. et al., 1995, Proc. Natl. 

25 Acad. Sci. USA 92: 8388-8392; Schnell, M. J. et al., 1994, EMBO J. 
13: 4195-4203; Radecke, F. et al., 1995, EMBO J. 14: 5773-5784; Lawson, 
N. D. et al., Proc. Natl. Acad. Sci. USA 92: 4477-4481; Garcin, D. 
et al., 1995, EMBO J. 14: 6087-6094; Kato, A. et al., 1996, Genes 
Cells 1: 569-579; Baron, M. D. and Barrett, T., 1997, J. Virol. 71: 

30 1265-1271; Bridgen, A. and Elliott, R. M . , 1996, Proc. Natl. Acad. 
Sci. USA 93: 15400-15404) . When a viral vector DNA is made deficient 
in F, HN and/or M genes, infectious virus particles are not formed 
with such a defective vector. However, it is possible to form 
infectious virus particles by separately transferring these deficient 

35 genes, genes encoding other viral envelope proteins, and such, to 
host cells and expressing them therein. 
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Methods for transferring viral vector DNA into cells include 
the following: 1) the method of preparing DNA precipitates that can 
be be taken up by objective cells; 2) the method of preparing a DNA 
comprising complex which is suitable for being taken up by objective 
5 cells and which is also not very cytotoxic and has a positive charge, 
and 3) the method of instantaneously boring on the objective cellular 
membrane pores wide enough to allow DNA molecules to pass through 
by electric pulse. 

In Method 2) , a variety of transfection reagents can be utilized, 

10 examples being DOTMA (Boehringer) , Superfect (QIAGEN #301305) , DOTAP, 
DOPE, DOSPER (Boehringer #1811169), etc. An example of Method 1) is 
a transfection method using calcium phosphate, in which DNA that 
entered cells are incorporated into phagosomes, and a sufficient 
amount is incorporated into the nuclei as well (Graham, F. L. and Van 

15 Der Eb, J., 1973, Virology 52: 456; Wigler, M. and Silverstein, S., 
1977, Cell 11: 223). Chen and Okayama have investigated the 
optimization of the transfer technique, reporting that optimal DNA 
precipitates can be obtained under the conditions where 1) cells are 
incubated with DNA in an atmosphere of 2 to 4% C0 2 at 35 °C for 15 to 

20 24 h, 2) cyclic DNA with a higher precipitate-forming activity than 
linear DNA is used, and 3) DNA concentration in the precipitate mixture 
is 20 to 30 \xg/ml (Chen, C. and Okayama, H., 1987, Mol. Cell. Biol. 
7: 2745). Method 2) is suitable for a transient transfection. An 
old method is known in the art in which a DEAE-dextran (Sigma #D-9885, 

25 M.W. 5 x 10 5 ) mixture is prepared in a desired DNA concentration ratio 
to perform the transfection. Since most of the complexes are 
decomposed inside endosomes, chloroquine may be added to enhance 
transfection effects (Calos, M. P., 1983, Proc. Natl. Acad. Sci. USA 
80: 3015) . Method 3) is referred to as electroporation, and is more 

30 versatile compared to methods 1) and 2) because it doesn't have cell 
selectivity. Method 3) is said to be efficient under optimal 
conditions for pulse electric current duration, pulse shape, electric 
field potency (gap between electrodes, voltage), conductivity of 
buffers, DNA concentration, and cell density. 

35 Among the above-described three categories, transfection 

reagents (method 2)) are suitable in this invention, because method 
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2) is easily operable, and facilitates the examining of many test 
samples using a large amount of cells. Preferably, Superfect 
Transfection Reagent (QIAGEN, Cat. No. 301305) or DOSPER Liposomal 
Transfection Reagent (Boehringer Mannheim, Cat. No. 1811169) is used. 

5 Specifically, the reconstitution of the viral vector from cDNA 

can be performed as follows. 

Simian kidney-derived LLC-MK2 cells are cultured in 24-well to 
6-well plastic culture plates or 100 mm diameter culture dish using 
a minimum essential medium (MEM) containing 10% fetal calf serum (FCS) 

10 and antibiotics (100 units/ml penicillin G and 100 jag /ml streptomycin) 
to 70 to 80% confluency, and infected, for example, with recombinant 
vaccinia virus vTF7-3 expressing T7 polymerase at 2 PFU/cell. This 
virus has been inactivated by a UV irradiation treatment for 20 min 
in the presence of 1 |ug/ml psoralen (Fuerst, T. R. et al. , Proc. Natl. 

15 Acad. Sci. USA 83: 8122-8126, 1986; Kato, A. et al., Genes Cells 1: 
569-579, 1996) . Amount of psoralen added and UV irradiation time can 
be appropriately adjusted. One hour after the infection, the cells 
are transfected with 2 to 60 \xq r more preferably 3 to 5 jj.g, of the 
above-described recombinant Sendai virus cDNA by the lipofection 

20 method and such using plasmids (24 to 0.5 |ug of pGEM-N, 12 to 0.25 
jig of pGEM-P and 2 4 to 0 . 5 \xg of pGEM-L, more preferably 1 |ig of pGEM-N, 
0.5 |ng of pGEM-P and 1 ^g of pGEM-L) (Kato, A. et al . , Genes Cells 
1: 569-579, 1996) expressing trans-acting viral proteins required 
for the production of full-length Sendai viral genome together with 

25 Superfect (QIAGEN) . The transfected cells are cultured in a 
serum-free MEM containing 100 jig/ml each of rifampicin (Sigma) and 
cytosine arabinoside (AraC) if desired, more preferably only 
containing 40 jxg/ml of cytosine arabinoside (AraC) (Sigma), and 
concentrations of reagents are set at optima so as to minimize 

30 cytotoxicity due to the vaccinia virus and maximize the recovery rate 
of the virus (Kato, A. et al . , 1996, Genes Cells 1, 569-579) . After 
culturing for about 48 to 72 h following the transfection, the cells 
are recovered, disrupted by repeating three cycles of freezing and 
thawing, transfected to LLC-MK2 cells expressing envelope proteins, 

35 and cultured. After culturing the cells for 3 to 7 days, the culture 
solution is collected. Alternatively, infectious virus vectors can 
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be obtained more efficiently by transfecting LLC-MK2 cells already 
expressing envelope proteins with plasmids expressing NP, L and P 
proteins , or transfecting together with an envelope-expressing 
plasmid. Viral vectors can be amplified by culturing these cells 
5 overlaid on LLC-MK2 cells expressing envelope proteins (cf . examples) . 
Virus titer contained in the culture supernatant can be determined 
by measuring the hemagglutination activity (HA) , which can be assayed 
by "endo-point dilution method" (Kato, A. et al . , 1996, Genes Cells 
1, 569-579) . Virus stock thus obtained can be stored at -80°C. 

10 Recombinant Sendai virus vectors of this invention can be 

appropriately diluted, for example, with physiological saline and 
phosphate-buffered physiological saline (PBS) to prepare a 
composition. When recombinant Sendai virus vectors of this invention 
are proliferated in chicken eggs and such, the composition can include 

15 chorioallantoic fluid. Compositions comprising recombinant Sendai 
virus vectors of this invention may contain physiologically 
acceptable media such as deionized water, 5% dextrose aqueous solution, 
and so on, and, furthermore, other stabilizers and antibiotics may 
also be contained. 

20 The type of host cells used for virus reconstitution is not 

particularly limited, so long as viral vector can be reconstituted 
therein. For example, in the reconstitution of Sendai virus vector 
or RNP complex, culture cells such as simian kidney-derived CV-I cells 
and LLC-MK2 cells, hamster kidney-derived BHK cells, and so on can 

25 be used. Infectious virus particles having the envelope can be also 
obtained by expressing appropriate envelope proteins in these cells. 
To obtain Sendai virus vector in a large quantity, the vector can 
be amplified, for example, by infecting virus vector obtained from 
the above-described host cells into embryonated chicken eggs together 

30 with vectors expressing envelope genes. Alternatively, viral 
vectors can be produced using transgenic chicken eggs incorporated 
with envelope protein genes. Methods for manufacturing viral fluid 
using chicken eggs have been already developed (Nakanishi, et al. 
(eds.), 1993, "Shinkei-kagaku Kenkyu-no Sentan-gi jutu Protocol III 

35 (High Technology Protocol III of Neuroscience Research) , Molecular 
Neurocyte Physiology, Koseisha, Osaka, pp. 153-172). Specifically, 
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for example, fertilized eggs are placed in an incubator and incubated 
for 9 to 12 days at 37 to 38 °C to grow embryos. Sendai virus vector 
is inoculated together with vectors expressing envelope proteins into 
chorioallantoic cavity of eggs, and cultured for several days to 
proliferate the virus. Conditions such as culture duration may be 
varied depending on the type of recombinant Sendai virus used. 
Subsequently, chorioallantoic fluid comprising the virus is recovered. 
Separation and purification of Sendai virus vector can be performed 
according to the standard methods (Tashiro, M., "Virus Experiment 
Protocols", Nagai and Ishihama (eds.), Medicalview, pp. 68-73 
(1995) ) . 

As a vector to express envelope proteins, viral vectors 
themselves of this invention may be used. For example, when two types 
of vectors in which the envelope gene deficient from the viral genome 
is different are transferred to the same cell, the envelope protein 
deficient in one RNP complex is supplied by the expression of the 
other complex to complement each other, thereby leading to the 
formation of infectious virus particles and activation of replication 
cycle to amplify the viral vectors. That is, when two or more types 
of vectors are inoculated to cells in combinations so as to complement 
each other's envelope proteins, mixtures of virus vectors deficient 
in respective envelope proteins can be produced on a large scale and 
at a low cost. Mixed viruses thus produced are useful for the 
production of vaccines and such. Due to the deficiency of envelope 
genes, these viruses have a smaller genome size compared to the 
complete virus, so they can harbor a long foreign gene. Also, since 
these originally non-infectious viruses are extracellularly diluted, 
and its difficult to retain their coinfection, they become sterile, 
which is advantageous in managing their release to the environment. 

Gene therapy is enabled by administering viral vectors when the 
viral vectors are prepared by using a therapeutic gene as the foreign 
gene. In the application of viral vectors of this invention to gene 
therapy, it is possible to express a foreign gene with which treatment 
effects are expected or an endogenous gene the supply of which is 
insufficient in the patient's body, by either direct or indirect (ex 
vivo) administration of the complex. There is no particular 
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limitation on the type of foreign gene, and in addition to nucleic 
acids encoding proteins, they may be nucleic acids encoding no 
proteins, such as an antisense or ribozyme. In addition, when genes 
encoding antigens of bacteria or viruses involved in infectious 

5 diseases are used as foreign genes, immunity can be induced in animals 
by administering these genes to the animals. That is, these genes 
can be used as vaccines. 

When using as vaccines, viral vectors of the present invention 
may be applicable for, for example, cancers, infectious diseases and 

10 other general disorders. For example, as cancer a treatment, it is 
possible to express genes with therapeutic effects on tumor cells 
or antigen presenting cells (APC) such as DC cells by using the vectors 
of the invention. Examples of such genes are those encoding the tumor 
antigen Muc-1 or Muc-1 like mutin tandem repeat peptide (US Patent 

15 No. 5,744,144), melanoma gplOO antigen, etc. Such treatments with 
genes have been widely applied to cancers in the mammary gland, colon, 
pancreas, prostate, lung, etc. Combination with cytokines to enhance 
adjuvant effects is also effective in gene therapy. Examples of such 
genes are i) single-chain IL-12 in combination with IL-2 (Proc. Natl . 

20 Acad. Sci. USA 96 (15): 8591-8596, ii) interf eron-y in combination 
with IL-2 (US Patent No. 5,798,100), iii) granulocyte 
colony-stimulating factor (GM-CSF) used alone, and iv) GM-CSF aiming 
at the treatment of brain tumor in combination with 1L-4 (J. 
Neurosurgery, 90 (6), 1115-1124 (1999)), etc. 

25 Examples of genes used for the treatment of infectious diseases 

are those encoding the envelope protein of the virulent strain H5N1 
type of influenza virus, the envelope chimera protein of Japanese 
encephalitis virus (Vaccine, vol. 17, No. 15-16, 1869-1882 (1999)), 
the HIV gag or SIV gag protein of AIDS virus (J. Immunology (2000), 

30 vol. 164, 4968-4978) , the HIV envelope protein, which is incorporated 
as a oral vaccine encapsulated in polylactate™ glycol copolymer 
microparticles for administration (Kaneko, H. et al., Virology 267, 
8-16 (2000)), the B subunit (CTB) of cholera toxin (Arakawa, T. et 
al., Nature Biotechnology (1998) 16 (10) : 934-8; Arakawa, T. et al . , 

35 Nature Biotechnology (1998) 16 (3): 292-297), the glycoprotein of 
rabies virus (Lodmell, D. L. et al . , 1998, Nature Medicine 4 (8): 
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949-52) , and the capsid protein LI of human papilloma virus 6 causing 
cervical cancer (J. Med. Virol., 60, 200-204 (2000). 

Gene therapy may also be applied to general disorders. For 
example, in the case of diabetes, the expression of insulin peptide 
fragment by inoculation of plasmid DNA encoding the peptide has been 
performed in type 1 diabetes model animals (Coon, B. et al., J. Clin. 
Invest., 1999, 104 (2): 189-94). 

Brief Description of the Drawings 

Figure 1 is a photograph showing an analytical result of the 
expression of F protein via a Cre-loxP-inducible expression system 
by Western blotting. It shows the result of detecting proteins on 
a transfer membrane cross-reacting to the anti-SeV-F antibody by 
chemiluminescence method. 

Figure 2 indicates a diagram showing an analytical result of 
cell-surface display of F protein the expression of which was induced 
by the Cre~loxP system. It shows results of flow cytometry analysis 
for LLC-MK2/F7 with the anti-SeV-F antibody. 

Figure 3 indicates a photograph showing the result confirming 
cleavage of the expressed F protein by trypsin using Western blotting. 

Figure 4 indicates photographs showing the result confirming 
cell-surface expression of HN in an experiment of cell-surface 
adsorption onto erythrocytes. 

Figure 5 indicates photographs showing the result obtained by 
an attempt to harvest the deficient viruses by using cells expressing 
the deficient protein. It was revealed that the expression of F 
protein by the helper cell line was stopped rapidly by the vaccinia 
viruses used in the reconstitution of F-deficient SeV. 

1. LLC-MK2 and CV-1 represent cell lysates from the respective cell 
types alone. 

2. LLC-MK2 /F+ad and CV-l/F+ad represent cell lysates from the 
respective cells which have been subjected to the induction of 
expression and to which adenovirus AxCANCre has been added. 

3. LLC~MK2/F~ad and CV-l/F-ad represent cell lysates from the 
respective cell lines in which the F gene but no adenovirus AxCANCre 
has been introduced. 
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4. LLC-MK2 /F-rad 3rd represents a cell lysate from cells in which the 
expression was induced by adenovirus AxCANCre and which were then 
further passaged 3 times. 

5. Id and 3d respectively indicate one day and three days after the 
5 induction of expression. 

6. Vacld and Vac3d respectively indicate cells one day and three days 
after the infection of vaccinia virus. 

7. AraCld and AraC3d respectively indicate cells one day and three 
days after the addition of AraC. 

10 8. CHX Id and CHX 3d respectively indicate cells one day and three 
days after the addition of protein synthesis inhibitor cycloheximide . 

Figure 6 indicates photographs showing the result that was 
obtained by observing GFP expression after GFP-comprising F-def icient 
SeV cDNA (pSeV18 VAF-GFP) was transfected into LLOMK2 cells in which 

15 F was not expressed (detection of RNP) . In a control group, the F 
gene was shuffled with the NP gene at the 3' end, and then, SeV cDNA 
(F-shuffled SeV), in which GFP had been introduced into the 
F-deficient site, was used. The mark "all 77 indicates cells 
transfected with plasmids directing the expression of the NP gene, 

20 P gene, and L gene (pGEM/NP, pGEM/P, and pGEM/L) together with SeV 
cDNA at the same time; "cDNA 77 indicates cells transfected with cDNA 
(pSeV18 + /AF-GFP) alone. For RNP transf ection, P0 cells expressing 
GFP were collected; the cells (10 7 cells/ml) were suspended in OptiMEM 
(GIBCO BRL) ; 100 |ul of lysate prepared after treating three times 

25 with freeze-thaw cycles was mixed with 25 \xl of cationic liposome 
DOSPER (Boehringer Mannheim) and allowed to stand still at room 
temperature for 15 minutes; and the mixture was added to cells (+ad) 
in which the expression of F had been induced to achieve the RNP 
transf ection . Cells expressing Cre DNA recombinase, in which no 

30 recombinant adenovirus had been introduced, were used as a control 
group of cells (-ad) . The result showed that GFP was expressed 
depending on the RNP formation of SeV in P0 in LLC-MK2 cells; and 
the F-deficient virus was amplified depending on the induction of 
expression of F in PI. 

35 Figure 7 indicates photographs showing the result that was 

obtained by studying whether functional RNP reconstituted with 
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F-deficient genomic cDNA could be rescued by F-expressing helper cells 
and form the infective virions of the deficient virus. RNP/o 
represents cells overlaid with RNP; RNP/t represents cells that was 
transfected with RNP. 
5 Figure 8 indicates photographs showing the evidence for the 

F-expressing cell-specific growth of the F-def icient virus. The 
lysate comprising functional RNP constructed from the genome lacking 
the gene was lipofected to the F-expressing cells as described in 
Example 2; and the culture supernatant was then recovered. This 

10 culture supernatant was added to the medium of the F-expressing cells 
to achieve the infection; on the third day, the culture supernatant 
was recovered and concurrently added to both F-expressing cells and 
cells that had not expressed F; and then the cells were cultured in 
the presence or absence of trypsin for three days . The result is shown 

15 here. The viruses were amplified only in the presence of trypsin in 
the F-expressing cells. 

Figure 9 indicates photographs showing evidence for specific 
release of the F-deficient viruses to the culture supernatant after 
the introduction into F-expressing cells. The lysate comprising 

20 functional RNP constructed from the genome lacking the gene was 
lipofected to the F-expressing cells as described in Example 2 and 
then the culture supernatant was recovered. This culture supernatant 
was added to the medium of the F-expressing cells to achieve the 
infection; on the third day, the culture supernatant was recovered 

25 and concurrently added to both F-expressing cells and cells that did 
not express F; and then the cells were cultured in the presence or 
absence of trypsin for three days. The bottom panel shows the result 
with supernatant of the cells that did not express F. 

Figure 10 indicates photographs showing the result obtained by 

30 recovering viruses from the culture supernatant of the F-expressing 
cells, extracting the total RNA and performing Northern blot analysis 
using F and HN as probes to verify the genomic structure of virion 
recovered from the F-deficient cDNA. In the viruses recovered from 
the F-expressing cells, the HN gene was detected but the F gene was 

35 not detectable; and thus it was clarified that the F gene was not 
present in the viral genome. 
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Figure 11 indicates photographs showing the result of RT-PCR, 
which demonstrates that the GFP gene is present in the locus where 
F had been deleted, as in the construct of the cDNA. 1: +18-NP, for 
the confirmation of the presence of +18 NotI site. 2: M-GFP, for the 
5 confirmation of the presence of the GFP gene in the F gene-deficient 
region. 3: F gene, for the confirmation of the presence of the F gene. 
The genomic structures of wild type SeV and F-def icient GFP-expressing 
SeV are shown in the top panel. It was verified that the GFP gene 
was present in the F-deficient locus, +18-derived NotI site was 

10 present at the 3' end of NP and the F gene was absent in any part 
of the RNA genome. 

Figure 12 indicates photographs that were obtained by the 
immuno-electron microscopic examination with gold colloid-bound IgG 
(anti-F, anti-HN) specifically reacting to F or HN of the virus. It 

15 was clarified that the spike-like structure of the virus envelope 
comprised F and HN proteins. 

Figure 13 indicates diagrams showing the result of RT-PCR, which 
demonstrates that the structures of genes except the GFP gene were 
the same as those from the wild type. 

20 Figure 14 indicates photographs showing the result obtained by 

examining the F-deficient virus particle morphology by electron 
microscopy. Like the wild-type virus particles, the F-deficient 
virus particles had helical RNP structure and spike-like structure 
inside . 

25 Figure 15 indicates photographs showing the result of in vitro 

gene transfer to a variety of cells using an F-deficient SeV vector 

with a high efficiency. 

Figure 16 indicates . diagrams showing the analytical result 

obtained after the introduction of the F-deficient SeV vector into 
30 primary bone marrow -cells from mouse (BM c-kit+/-) . Open bars 

represent PE-positive/GFP-negative; closed bars represent 

PE-positive/GFP-positive . 

Figure 17 indicates photographs showing the result of in vivo 

administration of the vector into the rat cerebral ventricle. 
35 Figure 18 indicates photographs showing the result obtained by 

using the culture supernatant comprising F-deficient SeV viruses 
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recovered from the F-expressing cells to infect LLOMK2 cells that 
do not express F, culturing the cells in the presence or absence of 
trypsin for three days to confirm the presence of viruses in the 
supernatant by HA assay. 
5 Figure 19 is a photograph showing the result obtained by 

conducting HA assay of chorioallantoic fluids after a 2-day incubation 
of embryonated chicken egg which had been inoculated with 
chorioallantoic fluid (lanes 11 and 12) f rom HA-positive embryonated 
eggs in Figure 18B. 

10 Figure 20 indicates photographs showing the result obtained by 

examining the virus liquid, which is HA-positive and has no 
infectivity, by immuno-electron microscopy. The presence of the 
virus particles was verified and it was found that the virion envelope 
was reactive to antibody recognizing HN protein labeled with gold 

15 colloid, but not reactive to antibody recognizing F protein labeled 
with gold colloid. 

Figure 21 indicates photographs showing the result of 
transfection of F~deficient virus particles into cells. 

Figure 22 indicates photographs showing the result of creation 

20 of cells co-expressing F and HN, which were evaluated by Western 
blotting. LLC /VacT7 / pGEM/FHN represents cells obtained by 
transfecting vaccinia-infected LLC-MK2 cells with pGEM/FHN plasmid; 
LLC/VacT7 represents vaccinia-infected LLC-MK2 cells. 
LLCMK2 / FHNmix represents LLC-MK2 cells in which the F and HN genes 

25 were introduced but not cloned. 'LLC/FHN represents LLC-MK2 cells in 
which the F and HN genes were introduced and the expression was induced 
by adenovirus (after 3 days); 1-13, 2-6, 2-16, 3-3, 3-18, 3-22, 4-3 
and 5-9 are cell-line numbers (names) in the cloning. 

Figure 23 indicates photographs showing the result for the 

30 confirmation of virus generation depending on the presence or absence 
pGEM/FHN. FHN-deficient GFP-expressing SeV cDNA, pGEM/NP, pGEM/P, 
pGEM/L, and pGEM/FHN were mixed and introduced into LLC-MK2 cells. 
3 hours after the gene transfer, the medium was changed with MEM 
containing AraC and trypsin and then the cells were further cultured 

35 for three days. 2 days after the gene transfer, observation was 
carried out with a stereoscopic fluorescence microscope to evaluate 
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the difference depending on the presence or absence of pGEM/FHN, and 
the virus generation was verified based on the spread of 
GFP-expressing cells. The result is shown here. When pGEM/FHN was 
added at the time of reconstitution, the spread of GFP-expressing 
5 cells was recognized; but when no pGEM/FHN was added, the GFP 
expression was observable merely in a single cell. 

Figure 24 indicates photographs showing the result of 
reconstitution by RNP transfection and growth of FHN-def icient 
viruses. On the third day after the induction of expression, cells 

10 co-expressing FHN (12 wells) were lipofected by using P0 RNP overlay 
or DOSPER, and then GFP was observed after 4 days. When RNP 
transfection was conducted, the harvest of viruses was successful 
for PI FHN-expressing cells as was for the F-deficient ones (top) . 
The growth of the FHN-def icient viruses was verified after inoculating 

15 a liquid comprising the viruses to cells in which the expression of 
FHN protein was induced 6 hours or more after the infection with 
Ade/Cre (bottom panel) . 

Figure 25 indicates photographs showing the result obtained 
after inoculating the liquid comprising viruses reconstituted from 

20 FHN-def icient GFP-expressing cDNA to LLC-MK2 , LLC-MK2/F, LLC-MK2/HN, 
and LLC-MK2/FHN and culturing them in the presence or absence of the 
trypsin. The spread of cells expressing GFP protein was verified 3 
days after the culture. The result is shown here. The expansion of 
GFP was observed only with LLC-MK2/FHN, and thus it was verified that 

25 the virus contained in the liquid was grown in a manner specific to 
FHN co-expression and dependent on trypsin. 

Figure 2 6 is a photograph showing the result where the 
confirmation was carried out for the genomic structure of RNA derived 
from supernatant of the FHN-expressing cells. 

30 Figure 27 is a photograph showing the result where the 

confirmation was carried out for the genomic structure of RNA derived 
from supernatant of the F-expressing cells infected with the FHN 
deficient viruses . 

Figure 2 8 is a diagram showing inactivation of vaccinia virus 

35 and T7 activity when psoralen concentration was varied in psoralen/UV 
irradiation. 
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Figure 2 9 is a diagram showing inactivation of vaccinia virus 
and T7 RNA polymerase activity when the duration of UV irradiation 
was varied in psoralen/UV irradiation. 

Figure 30 indicates photographs showing a cytotoxicity (CPE) 
5 of vaccinia virus after psoralen/UV irradiation. 3x 10 5 LLC-MK2 cells 
were plated on a 6-well plate. After culturing overnight, the cells 
were infected with vaccinia virus at moi=2 . After 24 hours, CPE was 
determined. The result of CPE with mock-treatment of vaccinia virus 
is shown in A; CPE after the treatment with vaccinia virus for 15, 
10 20, or 30 minutes are shown in B, C, and D, respectively. 

Figure 31 is a diagram indicating the influence of duration of 
UV treatment of vaccinia virus on the reconstitution efficiency of 
Sendai virus . 

Figure 32 is a diagram indicating the titer of vaccinia virus 

15 capable of replicating that remained in the cells after the 
reconstitution experiment of Sendai virus. 

Figure 33 is a photograph showing a result of Western blot 
analysis using anti-VSV-G antibody . 

Figure 34 indicates a diagram showing results of flow cytometry 

20 analysis using anti-VSV-G antibody. It shows the result of analysis 
of LLC-MK2 cell line (LI) for the induction of VSV-G expression on 
the fourth day after AxCANCre infection (moi=0, 2.5, 5). Primary 
antibody used was anti-VSV-G antibody (MoAb 1-1) ; secondary antibody 
was FITC-labeled anti-mouse Ig. 

25 Figure 35 indicates photographs showing a result where 

supernatants were recovered after the infection with altered amounts 
of AxCANCre (MOI=0, 1.25, 2.5, 5, 10) and a constant amount of 
pseudo-type Sendai virus having a F gene-deficient genome, and further 
the supernatants were used to infect cells before VSV-G induction 

30 (-) and after induction (+) , and cells expressing GFP were observed 
after 5 days . 

Figure 36 indicates photographs showing the result obtained for 
the time course of virus production amount. 

Figure 37 indicates photographs showing the result obtained by 
35 examining whether the infectivity is influenced by the treatment of 
pseudo-type Sendai virus having the F gene-deficient genome, which 
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was established with the VSV-G-expressing cell line, and 

FHN-def icient Sendai virus treated with anti-VSV antibody. 

Figure 38 indicates photographs showing the result where the 

expression of the GFP gene was tested as an index to determine the 
5 presence of production of the pseudo-type virus having VSV-G in its 

capsid after the infection of VSV-G gene-expressing cells LLCG-L1 

with F and HN-def icient Sendai virus comprising the GFP gene. 

Figure 39 indicates photographs showing the result confirming 

that viruses grown in the VSV-G gene-expressing cells were deficient 
10 in F and HN genes by Western analysis of protein in the extract of 

infected cells. 

Figure 40 indicates photographs showing the result for the 
observation of GFP-expressing cells under a fluorescence microscope. 

Figure 41 is a diagram . showing the improvement in efficiency 
15 for the reconstitution of SeV/AF-GFP by the combined used of the 
envelope-expressing plasmid and cell overlay. Considerable 
improvement was recognized at d3 to d4 (day 3 to day 4) of P0 (prior 
to passaging) . 

Figure 42 is a diagram showing the result where treatment 
20 conditions were evaluated for the reconstitution of SeV/AF-GFP by 
the combined used of the envelope-expressing plasmid and cell overlay. 
GFP-positive cells represent the amount of virus reconstituted. 

Figure 43 is a diagram showing the result where the rescue of 
F-deficient Sendai viruses from cDNA was tested. It shows the 
25 improvement in efficiency for the reconstitution of SeV/AF-GFP by 
the combined used of the envelope-expressing plasmid and cell overlay. 
All the tests were positive on the seventh day. However, the 
efficiency was evaluated on the third day where the probability of 
success was midrange . 
30 Figure 44 indicates photographs showing the result of lacZ 

expression by LacZ-comprising F-deficient Sendai virus vector 
comprising no GFP. 

Figure 45 indicates diagrams showing subcloning of Sendai virus 
genomic cDNA fragment (A) and structures of 5 Sendai virus genomic 
35 cDNAs constructed with newly introduced NotI site (B) . 

Figure 46 is a diagram showing structures of plasmids to be used 
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for cloning to add NotI site, transcription initiation signal, 
intervening sequence, and transcription termination signal into SEAP. 

Figure 47 indicates photographs showing the result of plaque 
assay of each Sendai virus vector. It shows partial fluorescence 
5 image in the plaque assay obtained by LAS1000. 

Figure 48 is a diagram showing the result where altered 
expression levels of reporter gene (SEAP) were compared with one 
another among the respective Sendai virus vectors. The data of 
SeV18 + /SEAP was taken as 100 and the respective values were indicated 
10 relative to it. It was found that the activity, namely the expression 
level, was decreased as the SEAP gene was placed more downstream. 

Figure 49 indicates microscopic photographs showing the 
expression of GFP in PI cells co-expressing FHN . 

Figure 50 indicates photographs showing the result of Western 
15 blot analysis of the extracts from cells infected with VSV-G 
pseudo-type SeV/AF:GFP using anti-F antibody (anti-F) , anti~HN 
antibody (anti-HN) , and anti-Sendai virus antibody (anti-SeV) . 

Figure 51 indicates photographs showing GFP fluorescence from 
F- and HN-deficient cells infected with VSV-G pseudo-type SeV in the 
20 presence or absence of a neutralizing antibody (VGV antibody) . 

Figure 52 indicates photographs showing results of Western 
analysis for VSV-G pseudo-type Sendai viruses having F gene-deficient 
or F gene- and HN gene-deficient genome, which were fractionated by 
density gradient ultracentrif ugation . 
25 Figure 53 indicates photographs showing hemagglutination test 

mediated with Sendai viruses having F gene-deficient genome, or VSV-G 
pseudo-type Sendai viruses having F gene-deficient or F gene- and 
HN gene-deficient genome . 

Figure 54 indicates diagrams showing the specificity of 
30 infection to culture cells of Sendai virus having F gene-deficient 
genome or VSV-G pseudo-type Sendai virus. 

Figure 55 indicates photographs showing the confirmation of the 
structures of NGF-expressing F-deficient Sendai virus (NGF/SeV/AF) . 

Figure 56 is a diagram showing the activity of NGF expressed 
35 by the NGF-comprising cells infected with F-deficient SeV. With the 
initiation of culture, diluted supernatant of SeV-infected cells or 



30 



NGF protein (control) was added to a dissociated culture of primary 
chicken dorsal root ganglion (DRG) neurons. After three days, the 
viable cells were counted by using mitochondrial reduction activity 
as an index (n=3) . The quantity of culture supernatant added 
5 corresponded to 1000-fold dilution. 

Figure 57 indicates photographs showing the activity of NGF 
expressed by the NGF-comprising cells infected with F-deficient SeV. 
With the initiation of culture, diluted supernatant of SeV-infected 
cells or NGF protein (control) was added to a dissociated culture 
10 of primary chicken dorsal root ganglion (DRG) neurons. After three 
days, the samples were observed under a microscope, 

A) control (without NGF) ; 

B) addition of NGF protein (10 ng/mL) ; 

C) addition of culture supernatant (100-fold diluted) of NGF/SeV 
15 infected cells; 

D) addition of culture supernatant (100-fold diluted) of NGF/SeV 
infected cells ; 

E) addition of culture supernatant (100-fold diluted) of 

NGF/SeV/AF infected cells, and; 
20 F) addition of culture supernatant (100-fold diluted) of 

NGF/SeV/AF-GFP infected cells. 

Figure 58 is a photograph showing moi of Ad-Cre and the 
expression level of F protein. 

Figure 59 indicates photographs showing the expression of 
25 LLC-MK2/F by Adeno-Cre. 

Figure 60 is a photograph showing the durability of expression 
over the passages. 

Figure 61 indicates photographs showing the localization of F 
protein over the passages . 
30 Figure 62 is a diagram showing the correlation between GFP-CIU 

and anti-SeV-CIU. 

Best Mode for Carrying out the Invention 

The present invention is illustrated in detail below with 
35 reference to Examples, but is not to be construed as being limited 
thereto . 
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[Example 1] Construction of F-deficient Sendai virus 

<1> Construction of F-deficient SeV genomic cDNA and F-expressing 

plasmid 

The full-length genomic cDNA of Sendai virus (SeV) , pSeV18 + b ( + ) 
(Hasan, M. K. et al., 1997, J. General Virology 78: 2813-2820) 
rpSeV18 + b( + )" is also referred to as "pSeV18 + ") was digested with 
Sphl/Kpnl, and the resulting fragment (14673 bp) was recovered and 
cloned into pUC18, which was named plasmid pUC18/KS . The F-disrupted 
site was constructed on this pUC18/KS. The F gene disruption was 
performed by the combined use of PCR-ligation method, and as a result, 
the ORF for the F gene (ATG-TGA=1698 bp) was removed; thus 
atgcatgccggcagatga (SEQ ID NO: 1) was ligated to it to construct the 
F-deficient SeV genomic cDNA (pSeVl8VAF) . In PCR, a PCR product 
generated by using a primer pair (forward: 5 ' ~gttgagtactgcaagagc/SEQ 
ID NO: 2, reverse: 

5 ' -tttgccggcatgcatgtttcccaaggggagagttttgcaacc/SEQ ID NO: 3) was 
ligated upstream of F and another PCR product generated by using a 
primer pair (forward: 5 1 -atgcatgccggcagatga/SEQ ID NO: 4, reverse: 
5 ! ~tgggtgaatgagagaatcagc/SEQ ID NO: 5) was ligated downstream of the 
F gene at EcoT22I site. The resulting plasmid was digested with Sad 
and Sail, and then the fragment (4931 bp) spanning the region 
comprising the site where F is disrupted was recovered and cloned 
into pUC18 to generate pUC18/dFSS . This pUC18/dFSS was digested with 
Drain. The resulting fragment was recovered and substituted with 
a Drain fragment from the region comprising the F gene of pSeV18"; 
and the ligation was carried out to generate plasmid pSeVl8VAF. 

Further, in order to construct a cDNA (pSeV18 + /AF-GFP) in which 
the EGFP gene has been introduced at the site where F was disrupted, 
the EGFP gene was amplified by PCR. To set the EGFP gene with a 
multiple of 6 (Hausmann, S. et al . , RNA 2, 1033-1045 (1996)), PCR 
was carried out with an Nsil-tailed primer 

(5'-atgcatatggtgatgcggttttggcagtac : SEQ ID NO: 6) for the 5' end and 
an NgoMIV-tailed primer ( 5 T -Tgccggctattattacttgtacagctcgtc : SEQ ID 
NO: 7) for the 3' end. The PCR products were digested with restriction 
enzymes Nsil and NgoMIV, and then the fragment was recovered from 
the gel; the fragment was ligated at the site of pUC18/dFSS between 
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Nsil and NgoMIV restriction enzyme sites where the disrupted F is 
located and the sequence was determined. A Drain fragment 
comprising the EGFP gene was removed and recovered from the site, 
and substituted for a Drain fragment in the region comprising the 
5 F gene of pSeV18 + ; then ligation was carried out to obtain plasmid 
pSeV18 + /AF-GFP. 

On the other hand, Cre/loxP-inducible expression plasmid for 
F gene expression was constructed by amplifying the SeV F gene by 
PCR, confirming the sequence, and inserting into the unique site Swal 
10 of plasmid pCALNdlw (Aral et al . , J. Virology 72, 1998, plll5-1121), 
in which the expression of gene products has been designed to be 
induced by Cre DNA recombinase, to obtain plasmid pCALNdLw/F. 
<2> Preparation of helper cells inducing the expression of SeV-F 
protein 

15 To recover infectious virus particles from F~deficient genome, 

a helper cell strain expressing SeV~F protein was established. The 
cell utilized was LLOMK2 cell that is commonly used for the growth 
of SeV and is a cell strain derived from monkey kidney. The LLC-MK2 
cells were cultured in MEM containing 10% heat-treated inactivated 

20 fetal bovine serum (FBS) , sodium penicillin G (50 units /ml ) , and 
streptomycin (50 fxg/ml) at 37 °C under 5% C0 2 gas. Because SeV-F gene 
product is cytotoxic, the above-mentioned plasmid pCALNdLw/F designed 
to induce the expression of F gene product through Cre DNA recombinase 
was introduced into LLC-MK2 cells by calcium phosphate method 

25 (mammalian transfection kit (Stratagene) ) according to the gene 
transfer protocol. 

10 |^g of plasmid pCALNdLw/F was introduced into LLC-MK2 cells 
grown to be 40% confluent in a 10-cm plate, and the cells were cultured 
in 10 ml of MEM containing 10% FBS at 37 °C under 5% C0 2 for 24 hours 

30 in an incubator. After 24 hours, the cells were scraped off, and 
suspended in 10 ml medium; then the cells were plated on 5 dishes 
with 10-cm diameter (one plate with 5 ml; 2 plates with 2 ml; 2 plates 
with 0.2 ml) in MEM containing 10 ml of 10% FBS and 1200 jag/ml G418 
(GIBCO-BRL) for the cultivation. The culture was continued for 14 

35 days while the medium was changed at 2-day intervals, to select cell 
lines in which the gene has been introduced stably. 30 cell strains 
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were recovered as G418-~resistant cells grown in the medium by using 
cloning rings . Each clone was cultured to be confluent in 10 -cm 
plates . 

After the infection of each clone with recombinant adenovirus 
5 AxCANCre expressing Cre DNA recombinase, the cells were tested for 
the expression of SeV-F protein by Western blotting using anti~SeV~F 
protein monoclonal igG (f236; J. Biochem. 123: 1064-1072) as follows. 

After grown to be confluent in a 6-cm dish, each clone was 
infected with adenovirus AxCANCre at moi=3 according to the method 

10 of Saito et al. , (Saito et al M Nucl . Acids Res. 23: 3816-3821 (1995) ; 
Arai, T. et al., J Virol 72, 1115-1121 (1998)). After the infection, 
the cells were cultured for 3 days . The culture supernatant was 
discarded and the cells were washed twice with PBS buffer, scraped 
off with a scraper and were collected by centrif ugation at 1500x g 

15 for five minutes. 

The cells are kept at -80°C and can be thawed when used. The 
cells collected were suspended in 150 \xl PBS buffer, and then equal 
amount of 2x Tris-SDS-BME sample loading buffer (0.625 M Tris, pH 
6.8, 5% SDS, 25% 2 -ME, 50% glycerol, 0.02 5% BPB; Owl) was added thereto. 

20 The mixture was heat-treated at 98 °C for 3 minutes and then used as 
a sample for electrophoresis. The sample (Ix 10 5 cells/lane) was 
fractionated by electrophoresis in an SDS-polyacrylamide gel (Multi 
Gel 10/20, Daiichi Pure Chemicals) . The fractionated proteins were 
transferred onto a PVDF transfer membrane (Immobilon-P transfer 

25 membranes; Millipore) by semi-dry blotting . The transfer was carried 
out under a constant current of 1 mA/cm 2 for 1 hour onto the transfer 
membrane that had been soaked in 100% methanol for 30 seconds and 
then in water for 30 minutes. 

The transfer membrane was shaken in a blocking solution 

30 containing 0.05% Tween20 and 1% BSA (BlockAce; Snow Brand Milk 
Products) for one hour, and then it was incubated at room temperature 
for 2 hours with an anti-SeV-F antibody (f236) which had been diluted 
1000-folds with a blocking solution containing 0.05% Tween 20 and 
1% BSA. The transfer membrane was washed 3 times in 20 ml of PBS-0 . 1% 

35 Tween20 while being shaken for 5 minutes and then it was washed in 
PBS buffer while being shaken for 5 minutes. The transfer membrane 
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was incubated at room temperature for one hour in 10 ml of 
peroxidase-conjugated anti-mouse IgG antibody (Goat anti-mouse IgG; 
Zymed) diluted 2000-fold with the blocking solution containing 0.05% 
Tween 20 and 1% BSA. The transfer membrane was washed 3 times with 
5 20 ml of PBS~0.1% Tween20 while being shaken for 5 minutes, and then 
it was washed in PBS buffer while being shaken for 5 minutes . 

Detections were carried out for proteins cross-reacting to the 
anti-SeV-F antibody on the transfer membrane by chemiluminescence 
method (ECL western blotting detection reagents; Amersham) . The 

10 result is shown in Figure 1 . The SeV-F expression specific to AxCANCre 
infection was detected to confirm the generation of LLC-MK2 cells 
that induce expression of a SeV-F gene product. 

One of the several resulting cell lines, LLC-MK2/F7 cell, was 
analyzed by flow cytometry with an anti-SeV-F antibody (Figure 2) . 

15 Specifically, lx 10^ cells were precipitated by centrif ugation at 
15, 000 rpm at 4°C for 5 minutes, washed with 200 jjlI PBS, and allowed 
to react in PBS for FACS (NIKKEN CHEMICALS) containing 100-fold 
diluted anti-F monoclonal antibody (f236) , 0.05% sodium azide, 2% 
FCS at 4°C for 1 hour in a dark place. The cells were again 

20 precipitated at 15, 000 rpm at 4°C for 5 minutes, washed with 200 \xl 
PBS, and then allowed to react to FITC-labeled anti-mouse IgG (CAPPED 

of 1 jug/ml on ice for 30 minutes. Then the cells were again washed 
with 200 |il PBS, and then precipitated by centrif ugation at 15,000 
rpm at 4°C for 5 minutes. The cells were suspended in 1 ml of PBS 

25 for FACS and then analyzed by using EPICS ELITE (Coulter) argon laser 
at an excitation wavelength of 488 nm and at a fluorescence wavelength 
of 525 nm. The result showed that LLC-MK2/F7 exhibited a high 
reactivity to the antibody in a manner specific to the induction of 
SeV-F gene expression, and thus it was verified that SeV-F protein 

30 was expressed on the cell surface. 

[Example 2] Confirmation of function of SeV-F protein expressed by 
helper cells 

It was tested whether or not SeV-F protein, of which expression 
35 was induced by helper cells, retained the original protein function. 

After plating on a 6-cm dish and grown to be confluent, 
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LLC-MK2/F7 cells were infected with adenovirus AxCANCre at moi=3 
according to the method of Saito et al. (described above) . Then, the 
cells were cultured in MEM (serum free) containing trypsin (7.5|J.g/ml; 
GIBCOBRL) at 37 °C under 5% C0 2 in an incubator for three days. 
5 The culture supernatant was discarded and the cells were washed 

twice with PBS buffer, scraped off with a scraper and were collected 
by cent rifugat ion at 150 Ox g for five minutes . The cleavage of 
expressed F protein by trypsin was verified by Western blotting as 
described above (Figure 3) . SeV-F protein is synthesized as F0 that 

10 is a non-active protein precursor, and then the precursor is activated 
after digested into two subunits Fl and F2 by proteolysis with trypsin. 
LLC-MK2/F7 cells after the induction of F protein expression thus, 
like ordinary cells, continues to express F protein, even after being 
passaged, and no cytotoxicity mediated by the expressed F protein 

15 was observed as well as no cell fusion of F protein-expressing cells 
was observed. However, when SeV-HN expression plasmid (pCAG/SeV~HN) 
was transfected into the F-expressing cells and the cells were 
cultured in MEM containing trypsin for 3 days , cell fusion were 
frequently observed. The expression of HN on the cell surface was 

20 confirmed in an experiment using erythrocyte adsorption onto the cell 
surface (Hematoadsorption assay; Had assay) (Figure 4) . 
Specifically, 1% chicken erythrocytes were added to the culture cells 
at a concentration of 1 ml/dish and the mixture was allowed to stand 
still at 4°C for 10 minutes. The cells were washed 3 times with PBS 

25 buffer, and then colonies of erythrocytes on the cell surface were 
observed. Cell fusion was recognized for cells on which erythrocytes 
aggregated; cell fusion was found to be induced through the 
interaction of F protein with HN; and thus it was demonstrated that 
F protein, the expression of which was sustained in LLC-MK2/F7, 

30 retained the original function thereof. 

[Example 3] Functional RNP having F-deficient genome and formation 
of virions 

To recover virions from the deficient viruses, it is necessary 
35 to use cells expressing the deficient protein. Thus, the recovery 
of the deficient viruses was attempted with cells expressing the 
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deficient protein, but it was revealed that the expression of F protein 
by the helper cell line stopped rapidly due to the vaccinia viruses 
used in the reconstitution of F-deficient SeV (Figure 5) and thus 
the virus reconstitution based on the direct supply of F protein from 
5 the helper cell line failed. It has been reported that replication 
capability of vaccinia virus is inactivated, but the activity of T7 
expression is not impaired by the treatment of vaccinia virus with 
ultraviolet light of long wavelengths (long-wave UV) in the presence 
of added psoralen (PLWUV treatment ) (Tsungetal., J Virol 70, 165-171, 

10 1996 ) . Thus , virus reconstitution was attempted by using 
PLWUV-treated vaccinia virus (PLWUV-VacT7 ) . UV Stratalinker 2400 
(Catalog NO. 400676 (100V); Stratagene, La Jolla, CA, USA) equipped 
with five 15-Watt bulbs were used for ultraviolet light irradiation. 
The result showed that the expression of F protein was inhibited from 

15 the F-expressing cells used in the reconstitution, but vaccinia was 
hardly grown in the presence of araC after lysate from the cells 
reconstituted with this PLWUV-VacT7 was infected to the helper cells, 
and it was also found that the expression of F protein by the helper 
cell line was hardly influenced. Further, this reconstitution of 

20 wild type SeV using this PLWUV-VacT7 enables the recovery of viruses 
from even 10 3 cells, whereas by previous methods, this was not possible 
unless 10 5 or more cells were there, and thus the efficiency of virus 
reconstitution was greatly improved. Thus, reconstitution of 
F-deficient SeV virus was attempted by using this method. 

25 <Reconstitution and amplification of F-deficient SeV virus> 

The expression of GFP was observed after transfecting LLC-MK2 

cells with the above-mentioned pSeV18 VAF-GFP in which the enhanced 

green fluorescent protein (EGFP) gene had been introduced as a reporter 

into the site where F had been disrupted according to the 6n rule 
30 in the manner as described below. It was also tested for the influence 

of the presence of virus-derived genes NP, P, and L that are three 

components required for the formation of RNP. 

LLC-MK2 cells were plated on a 100-mm Petri-dish at a 

concentration of 5x 10 6 cells/dish and were cultured for 24 hours. 
35 After the culture was completed, the cells were treated with psoralen 

and ultraviolet light of long wavelengths (365 nm) for 20 minutes, 
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and the cells were infected with recombinant vaccinia virus expressing 
T7 RNA polymerase (Fuerst, T.R. et al . , Proc. Natl. Acad. Sci. USA 
83, 8122-8126 (1986)) at room temperature for one hour (moi=2) (moi=2 
to 3; preferably moi=2 ) . After the cells were washed 3 times, plasmids 
5 pSeV18 + /AF-GFP, pGEM/NP, pGEM/P, and pGEM/L (Kato, A. et al . , Genes 
cells 1, 569-579 (1996)) were respectively suspended in quantities 
of 12 jag, 4 \xg, 2 |ug, and 4 jig /dish in OptiMEM (GIBCO) ; SuperFect 
transfection reagent (1 p.g DNA/5 jil SuperFect; Q1AGEN) was added 
thereto; the mixtures were allowed to stand still at room temperature 

10 for 10 minutes; then they are added to 3 ml of OptiMEM containing 
3% FBS; cells were added thereto and cultured. The same experiment 
was carried out using wild-type SeV genomic cDNA (pSeV(+)) (Kato, 
A. et al., Genes cells 1, 569-579 (1996)) as a control instead of 
pSeV18 + /AF-GFP. After culturing for 3 hours, the cells were washed 

15 twice with MEM containing no serum, and then cultured in MEM containing 
cytosine p-D-arabinof uranoside (AraC, 40 p.g/ml; Sigma) and trypsin 
(7.5 |ng/ml; GIBCO) for 70 hours. These cells were harvested, and the 
pellet was suspended in OptiMEM (10 7 cells/ml) . After 
f reeze-and-thaw treatment was repeated 3 times, the cells were mixed 

20 with lipofection reagent DOSPER (Boehringer Mannheim) (10 5 cells/25 
jil DOSPER) and allowed to stand still at room temperature for 15 
minutes. Then F-expressing LLC-MK2/F7 cell line (10 6 ceils /well in 
12-weli plate) was transfected, and the cells were cultured in MEM 
containing no serum (containing 40 jag/ml AraC and 7.5 jag/ml trypsin) . 

25 The result showed that the expression of GFP was recognized only 

when all the three components, NP, P, and L derived from the virus 
are present and the deficient virus RNP expressing foreign genes can 
be generated (Figure 6) . 
<Conf irmation of F~deficient virions> 

30 It was tested whether the functional RNP reconstituted by 

F-deficient genomic cDNA by the method as described above could be 
rescued by the F-expressing helper cells and form infective virions 
of F-deficient virus. Cell lysates were mixed with cationic 
liposome; the lysates were prepared by freeze/thaw from cells 

35 reconstituted under conditions in which functional RNP is formed 
(condition where pSeV18 VAF-GFP, pGEM/NP, pGEM/P, and pGEM/L are 
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transfected at the same time) or conditions under which functional 
RNP is not formed (conditions in which two plasmids, pSeV18 + /AF-GFP 
and pGEM/NP, are transfected) as described above; the lysates were 
lipof ected into F- expressing cells and non-expressing cells ; the 
5 generation of virus particles was observed based on the expansion 
of the distribution of GFP-expressing cells. The result showed that 
the expansion of distribution of GFP-expressing cells was recognized 
only when the introduction to the F-expressing cells was carried out 
by using a lysate obtained under condition in which functional RNP 

10 is reconstituted (Figure 7) . Furthermore, even in plaque assay, the 
plaque formation was seen only under the same conditions. From these 
results, it was revealed that functional RNPs generated from 
F-def icient virus genome were further converted into infective virus 
particles in the presence of F protein derived from F~expressing cells 

15 and the particles were released from the cells. 

The demonstration of the presence of infective F-deficient 
virions in the culture supernatant was carried out by the following 
experiment. The lysate comprising the functional RNP constructed 
from the F gene deficient genome was lipofected to F-expressing cells 

20 as described in Example 2, and the culture supernatant was recovered. 
This culture supernatant was added to the medium of F-expressing cells 
to achieve the infection; on the third day, the culture supernatant 
was recovered and concurrently added to both F-expressing cells and 
cells that did not express F; and then the cells were cultured in 

25 the presence or absence of trypsin for three days. In F-expressing 
cells, viruses were amplified only in the presence of trypsin (Figure 
8) . It was also revealed that non-infectious virus particles were 
released into the supernatant of cells that do not express F (in the 
bottom panel of Figure 9) or from F-expressing cells cultured in the 

30 absence of trypsin . A summary of the descriptions above is as follows : 
the growth of F-deficient GFP-expressing viruses is specific to 
F-expressing cells and depends on the proteolysis with trypsin. The 
titer of infective F-deficient Sendai virus thus grown ranged from 
0.5x 10 7 to Ix 10 7 ClU/ml. 

35 



[Example 4] Analysis of F-deficient GFP-expressing virus 
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In order to confirm the genomic structure of virions recovered 
from F-deficient cDNA, viruses were recovered from the culture 
supernatant of the F-expressing cells, the total RNA was extracted 
and then Northern blot analysis was conducted by using F and HN as 
5 probes. The result showed that the HN gene was detectable, but the 
F gene was not detectable in the viruses harvested from the 
F-expressing cells, and it was clarified that the F gene was not 
present in the viral genome (Figure 10) . Further, by RT-PCR GFP, it 
was confirmed that the gene was present in the deleted locus for F 

10 as shown in the construction of the cDNA (Figure 11) and that the 
structures of other genes were the same as those from the wild type. 
Based on the findings above, it was shown that no rearrangement of 
the genome had occurred during the virus reconstitution . In addition, 
the morphology of recovered F-deficient virus particles was examined 

15 by electron microscopy. Like the wild type virus, F-deficient virus 
particles had the helical RNP structure and spike-like structure 
inside (Figure 14). Further, the viruses were examined by 
immuno-electron microscopy with gold colloid-conjugated IgG (anti-F, 
anti-HN) specifically reacting to F or HN. The result showed that 

20 the spike-like structure of the envelope of the virus comprised F 
and HN proteins (Figure 12), which demonstrated that F protein 
produced by the helper cells was efficiently incorporated into the 
virions. The result will be described below in detail. 
<Extraction of total RNA, Northern blot analysis, and RT-PCR> 

25 Total RNA was extracted from culture supernatant obtained 3 days 

after the infection of F-expressing cell LLC-MK2/F7 with the viruses 
by using QIAamp Viral RNA mini kit (QIAGEN) according to the protocol. 

The purified total RNA (5 }ig) was separated by electrophoresis in 
a 1% denaturing agarose gel containing formaldehyde, and then 

30 transferred onto a Hybond-N+ membrane in a vacuum blotting device 
(Amersham-Pharmacia) . The prepared membrane was fixed with 0.05 M 
NaOH, rinsed with 2-fold diluted SSC buffer (Nacalai tesque) , and 
then was subjected to pre-hybridization in a hybridization solution 
(Boehringrer Mannheim) for 30 minutes; a probe for the F or HN gene 

35 prepared by random prime DNA labeling (DIG DNA Labeling Kit; 
Boehringer Mannheim) using digoxigenin (DIG) -dUTP (alkaline 
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sensitive) was added thereto and then hybridization was performed 
for 16 hours. Then, the membrane was washed, and allowed to react 
to alkaline phosphatase- conjugated ant i- DIG antibody 
(anti-digoxigenin-AP) ; the analysis was carried out by using a DIG 
5 detection kit. The result showed that the HN gene was detectable but 
the F gene was not detectable in the viruses harvested from the 
F-expressing cells, and it was clarified that the F gene was not 
present in the viral genome (Figure 10) . 

Further, detailed analysis was carried out by RT-PCR. In the 

10 RT-PCR, first strand cDNA was synthesized from the purified virus 
RNA by using SUPERSCRIPTII Preamplif ication System (Gibco BRL) 
according to the protocol; the following PCR condition was employed 
with LA PCR kit (TAKARA ver2.1): 94°C/3 min; 30 cycles for the 
amplification of 94°C/45 sec, 55°C/45 sec,72°C/90 sec; incubation 

15 at 72 °C for 10 minutes; then the sample was electrophoresed in a 2% 
agarose gel at 100 v for 30 minutes, the gel was stained with ethidium 
bromide for a photographic image. Primers used to confirm the M gene 
and EGFP inserted into the F-deficient site were forward 1: 
5 1 -atcagagacctgcgacaatgc (SEQ ID NO: 8) and reverse 1: 

20 5 ' -aagtcgtgctgcttcatgtgg ( SEQ ID NO: 9); primers used to confirm EGFP 
inserted into the F-deficient site and the HN gene were forward 2: 
5 T -acaaccactacctgagcacccagtc (SEQ ID NO: 10) and reverse 2: 
5 ' -gcctaacacatccagagatcg (SEQ ID NO: 11); and the junction between 
the M gene and HN gene was confirmed by using forward 3: 

25 5 1 -acattcatgagtcagctcgc (SEQ ID NO: 12) and reverse 2 primer (SEQ 
ID NO: 11) . The result showed that the GFP gene was present in the 
deficient locus for F as shown in the construction of the cDNA (Figure 
11) and that the structures of other genes were the same as those 
from the wild type (Figure 13) . From the findings shown above, it 

30 is clarified that no rearrangement of the genome had resulted during 
the virus reconstitution . 

< Electron microscopic analysis with gold colloid-conjugated IgG > 

The morphology of recovered F-deficient virus particles was 
examined by electron microscopy . First, culture supernatant of cells 
35 infected with the deficient viruses was centrifuged at 28,000 rpm 
for 30 minutes to obtain a virus pellet; then the pellet was 
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re-suspended in 10-fold diluted PBS at a concentration of lx 10 5 
HAU/ml; one drop of the suspension was dropped on a microgrid with 
a supporting filter and then the grid was dried at room temperature; 
the grid was treated with PBS containing 3.7% formalin for 15 minutes 
for fixation and then pre-treated with PBS solution containing 0.1% 
BSA for 30 minutes; further, anti-F monoclonal antibody (f236) or 
anti-HN monoclonal antibody (Miura, N. et al . , Exp. Cell Res. (1982) 
141: 409-420) diluted 200-fold with the same solution was dropped 
on the grid and allowed to react under a moist condition for 60 minutes . 
Subsequently, the grid was washed with PBS, and then gold 
colloid-conjugated anti-mouse IgG antibody diluted 200-fold was 
dropped and allowed to react under a moist condition for 60 minutes. 
Subsequently, the grid was washed with PBS and then with distilled 
sterile water, and air-dried at room temperature; 4% uranium acetate 
solution was placed on the grid for the staining for 2 minutes and 
the grid was dried; the sample was observed and photographed in a 
JEM-1200EX11 electron microscope ( JEOL . ) . The result showed that the 
spike-like structure of the envelope of the virus comprised F and 
HN proteins (Figure 12), which demonstrated that F protein produced 
by the helper cells was efficiently incorporated into the virions. 
In addition, like the wild type virus, F-deficient virus particles 
had a helical RNP structure and a spike-like structure inside (Figure 
14) . 

[Example 5] High-efficiency gene transfer to a variety of cells via 
F-deficient SeV vector in vitro 

introduction into primary culture cells of rat cerebral cortex nerve 
cells> 

Primary culture cells of rat cerebral cortex neurons were 
prepared and cultured as follows: an SD rat (SPF/VAF Crj : CD, female, 
332 g, up to 9-week old; Charles River) on the eighteenth day of 
pregnancy was deeply anesthetized by diethyl ether, and then 
euthanized by bloodletting from axillary arteries. The fetuses were 
removed from the uterus after abdominal section. The cranial skin 
and bones were cut and the brains were taken out. The cerebral 
hemispheres were transferred under a stereoscopic microscope to a 
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working solution DMEM (containing 5% horse serum, 5% calf serum and 
10% DMSO) ; they were sliced and an ice-cold papain solution (1.5 U, 
0.2 mg of cysteine, 0.2 mg of bovine serum albumin, 5 mg glucose, 
DNase of 0.1 mg/ml) was added thereto; the solution containing the 
5 sliced tissues was incubated for 15 minutes while shaking by inverting 
the vial every 5 minutes at 32 °C. After it was verified that the 
suspension became turbid enough and the tissue sections became 
translucent, the tissue sections were crushed into small pieces by 
pipetting. The suspension was centrifuged at 1200 rpm at 32 °C for 
10 5 minutes, and then the cells were re-suspended in B27-supplemented 
neural basal medium (GibcoBRL, Burlington, Ontario, Canada) . The 
cells were plated on a plate coated with poly-d-lysine (Becton 
Dickinson Labware, Bedford, MA, U.S.A.) at a density of lx 10" 
cells/dish and then cultured at 37 °C under 5% C0 2 . 
15 After a primary culture of nerve cells from cerebral cortex (5x 

10 5 /well) was done for 5 days, the cells were infected with F-deficient 
SeV vector (moi=5) and further cultured for three days. The cells 
were fixed in a fixing solution containing 1% paraformaldehyde, 5% 
goat serum, and 0.5% Triton-X at room temperature for five minutes. 
20 Blocking reaction was carried out for the cells by using BlockAce 
(Snow Brand Milk Products) at room temperature for 2 hours, and then 
incubated with 500-fold diluted goat anti-rat microtubule-associated 
protein 2 (MAP-2) (Boehringer) IgG at room temperature for one hour. 
Further, the cells were washed three times with PBS (-) every 15 minutes 
25 and then were incubated with cys3~-conjugated anti-mouse IgG diluted 
100-folds with 5% goat serum/ PBS at room temperature for one hour. 
Further, after the cells were washed three times with PBS (-) every 
15 minutes, Vectashield mounting medium (Vector Laboratories, 
Burlingame, U.S.A.) was added to the cells; the cells, which had been 
30 double-stained with MAP-2 immuno staining and GFP fluorescence, were 
f luorescently observed by using a conf ocal microscope (Nippon Bio-Rad 
MRC 1024, Japan) and an inverted microscope Nikon Diaphot 300 equipped 
with excitation band-pass filter of 470-500™nm or 510~~550~nm. The 
result showed that GFP had been introduced in nearly 100% nerve cells 
35 that were MAP2~positive (Figure 15) . 

introduction into normal human cells> 
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Normal human smooth-muscle cells, normal human hepatic cells, 
and normal human pulmonary capillary endothelial cells (Cell Systems) 
were purchased from DAINIPPON PHARMACEUTICAL and were cultured with 
SFM CS-C medium kit (Cell Systems) at 37 °C under 5% C0 2 gas. 

Human normal cells, such as normal human smooth-muscle cells 
(Figure 15, Muscle), normal human hepatic cells (Figure 15, Liver), 
and normal human pulmonary capillary endothelial cells (Figure 15, 
Lung) , were infected with F-deficient SeV vector (m.o.i=5) , and then 
the expression of GFP was observed. It was verified that the 
introduction efficiency was nearly 100% and the GFP gene was expressed 
at very high levels in all the cells (Figure 15) . 
introduction into mouse primary bone marrow cells> 

Further, an experiment was conducted, in which mouse primary 
bone marrow cells were separated by utilizing lineage markers and 
were infected with F-deficient SeV vector. First, 5-f luorouracil 
(5-FU, Wako Pure Chemical Industries) was given to C57BL mouse (6-week 
old male) at a dose of 150 mg/kg by intraperitoneal injection (IP 
injection); 2 days after the administration, bone marrow cells were 
collected from the thighbone. The mononuclear cells were separated 
by density gradient centrif ugation using Lympholyte-M (Cedarlane) . 
A mixture (3x 10 7 ) of Streptavidin-magnetic beads (Pharmingen; 
Funakoshi), which had been coated with biotin-labeled anti-CD45R 
(B220), anti-Ly6G (Gr-1) , anti-Ly-76 (TER-119), anti-1 (Thyl.2), and 
anti-Mac-1, were added to the mononuclear cells (3x 10° cells), and 
the resulting mixture was allowed to react at 4 °C for 1 hour; a fraction, 
from which Lin + cells had been removed by a magnet, was recovered (Lin 
cells) (Erlich, S. et al . , Blood 1999. 93 (1) , 80-86) . SeV of 2x 10 7 
HAU/ml was added to 4x 10 5 cells of Lin" cell, and further recombinant 
rat SCF (100 ng/ml, BRL) and recombinant human IL-6 (100 U/ml) were 
added thereto . In addition, F-deficient SeV of 4x 10 7 HAU/ml was added 
to 8x 10 5 of total bone marrow cells, and GFP-SeV of 5x 10 7 HAU/ml 
was added to lx 10 6 cells. GFP-SeV was prepared by inserting a 
PCR-amplified NotI fragment, which contains the green fluorescence 
protein (GFP) gene (the length of the structural gene is 717 bp) to 
which a transcription initiation (Rl) , a termination (R2) signal and 
an intervening (IG) sequence are added, -at the restriction enzyme 
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Notl-cleavage site of SeV transcription unit pUC18/T7HVJRz . DNA ( + 18) 
(Genes Cells, 1996, 1: 569-579). The reconstitution of viruses 
comprising the GFP gene was performed according to a known method 
(Genes Cells, 1996, 1: 569-579), using LLC-MK2 cells and embryonated 

5 egg, and then the viruses comprising the gene of interest were 
recovered. After a 48-hour culture following the infection with 
GFP-SeV, the cells were divided into two groups; one of them was 
allowed to react to phycoerythrin (PE) -labeled anti-CD117 (c-kit; 
Pharmingen) for 1 hour; the other was a control group. The cells were 

10 washed 3 times with PBS then were analyzed in a flow cytometer (EPICS 
Elite ESP; Coulter, Miami, FL) . 

The result showed that F-def icient SeV vector was also infected 
to bone marrow cells enriched by anti-c-kit antibody that has been 
utilized as a marker for blood primitive stem cells and the expression 

15 of the GFP gene was observed (Figure 16) . The presence of infective 
particles in the culture supernatant was confirmed by determining 
the presence of GFP-expressing cells three days after the addition 
of cell culture supernatant treated with trypsin to LLC-MK2 cells. 
It was clarified that none of these cells released infective virus 

20 particles . 

[Example 6] Vector administration into rat cerebral ventricle 

Rats (F334/Du Cr j , 6 week old, female, Charles River) were 
anesthetized by intraperitoneal inj ection of Nembutal sodium solution 

25 (Dainabot) diluted 10 fold (5mg/ml) with physiological saline (Otsuka 
Pharmaceutical Co., Ltd.). Virus was administrated using brain 
stereotaxic apparatus for small animals (DAVID KOPF) . 20 \xl (10 8 CIU) 
were injected at the point 5 . 2 mm toward bregma from interaural line, 
2 . 0 mm toward right ear from lambda, 2 . 4 mm beneath the brain surface, 

30 using 30G exchangeable needles (Hamilton) . A high level expression 
of GFP protein was observed in ventricle ependymal cells (Figure 17) . 
Furthermore, in the case of F deficient SeV vector, the expression 
of GFP protein was observed only in ependymal cells or nerve cells 
around the injection site, which come into contact with the virus, 

35 and no lesion was found in this region. Abnormality in behavior or 
changes in body weight were not observed in the rats with 
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administration until dissection. After dissection, no lesion was 
found in the brain or in any of the tissues and organs analyzed, such 
as liver, lung, kidney, heart, spleen, stomach, intestine, and so 
forth. 

[Example 7] Formation of F-less virus particles from F-deficient SeV 

genome 

<1> 

F non-expressing LLC-MK2 cells and F-expressing LLC-MK2 cells 
(LC-MK2/F7) were infected with F-deficient SeV virus and cultured 
with (+) and without (-) trypsin. The result of HA assay of cell 
culture supernatant after 3 days is shown in Figure 18A. The culture 
supernatants were inoculated to embryonated chicken eggs, and the 
result of HA assay of chorioallantoic fluids after a 2 day-culture 
is shown in Figure 18B. "C" on top of panel indicates PBS used as 
the control group. The numbers indicated under "Dilution" indicates 
the dilution fold of the virus solution. Further, HA-positive 
chorioallantoic fluids in embryonated chicken eggs (lanes 11 and 12) 
was reinoculated into embryonated chicken eggs, and after culturing 
for two days, the chorioallantoic fluid was examined with HA assay 
(Figure 19C) . As a result, F non-expressing cells or embryonated 
chicken eggs infected with F-deficient SeV virus were found to be 
HA-positive. However, viruses had not propagated after 

re-inoculation to embryonated chicken eggs, proving that the 
HA-positive virus solution does not have secondary infectivity. 
<2> 

The non-infectious virus solution amplified in F non-expressing 
cells was examined for the existence of virus particles. Northern 
blot analysis was performed for total RNA prepared from the culture 
supernatant of F-expressing cells, HA-positive, non-infectious 
chorioallantoic fluid, and wildtype SeV by QiAamp viral RNA mini kit 
(Q1AGEN) , using the F gene and HN gene as probes. As a result, bands 
were detected for RNA derived from chorioallantoic fluid or virus 
in culture supernatant of F-expressing cells when the HN gene was 
used as the probe, whereas no bands were detected when using the F 
gene probe (Figure 10) . It was proven that the HA-positive, 
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non-infectious fluid has non-infectious virus-like particles with 
an F-deficient genome. Further, analysis of the HA-positive, 
non-infectious virus solution by an immunoelectron microscopy 
revealed the existence of virus particles, and the envelope of virion 

5 reacted to the antibody recognizing gold colloid-labeled HN protein, 
but not to the antibody recognizing gold colloid-labeled F protein 
(Figure 20) . This result showed the existence of F-less virions, 
proving that the virus can be formed as a virion with HN protein alone, 
even without the existence of the F protein. It has been shown that 

10 SeV virion can form with F alone (Leyer, S. et al . , J Gen. Virol 79, 
683-687 (1998)), and the present result proved for the first time 
that SeV virion can be formed with HN protein alone. Thus, the fact 
that F-less virions can be transiently produced in bulk in embryonated 
chicken eggs shows that virions packaging SeV F-deficient RNP can 

15 be produced in bulk. 
<3> 

As described above, F-less virus virions transiently amplified 
in embryonated chicken eggs are not at all infective towards cells 
infected by the Sendai virus. To confirm that functional RNP 

20 structures are packaged in envelopes, F-expressing cells and 
non-expressing cells were, mixed with cationic liposome (DOSPER, 
Boehringer mannheim) and transfected by incubation for 15 minutes 
at room temperature. As a result, GFP-expressing cells were not 
observed at all when the cells are not mixed with the cationic liposome, 

25 whereas all cells expressed GFP when mixed with cationic liposome. 
In F non-expressing cells, GFP expression was seen only in individual 
cells and did not extend to adjacent cells, whereas in F-expressing 
cells, GFP-expressing cells extended to form colonies (Figure 21) . 
Therefore, it became clear that non-infectious virions transiently 

30 amplified in embryonated chicken eggs could express a gene when they 
are introduced into cells by methods such as transf ection . 

[Example 8] Reconstitution and amplification of the virus from 
FHN-deficient SeV genome 
35 Construction of FHN-deficient genomic cDNA> 

To construct FHN-deficient SeV genomic cDNA (pSeV18 + /AFHN) , 
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pUC18/KS was first digested with EcoRI to construct pUC18/Eco, and 
then whole sequence from start codon of F gene to stop codon of HN 
gene (4866-8419) was deleted, then it was ligated at BsiwI site 
(cgtacg) . After the sequence of FHN deleted region was confirmed by 
base sequencing, EcoRI fragment (4057 bp) was recovered from gels 
to substitute for EcoRI fragment of pUC18/KS to accomplish the 
construction. A KpnI/SphI fragment (14673 bp) comprising the FHN 
deleted region was recovered from gels to substitute for KpnI/SphI 
fragment of pSeV18" to obtain plasmid pSeV18"7AFHN . 

On the other hand, the construction of FHN-def icient SeV cDNA 
introduced with GFP was accomplished as follows. Sall/Xhol fragment 
(7842 bp) was recovered from pSeV18 + /AFHN / and cloned into pGEMUZ 
(Promega) . The resultant plasmid was named as pGEMUZ/SXdFHN. To 
the FHN-def icient site of pGEMllZ/SXdFHN, PCR product with Bsixl sites 
at both ends of ATG-TAA (846 bp) of d2EGFP (Clontech) was ligated 
by digesting with Bsixl enzyme. The resultant plasmid was named as 
pSeV18 + /AFHN-d2GFP. 

Establishment of FHN-def icient , protein co-expressing cell line> 
The plasmid expressing F gene is identical to the one used for 
establishment of F-def icient , protein co-expressing cell line, and 
plasmid expressing HN gene was similarly constructed, and the fragment 
comprising ORF of HN was inserted to unique Swal site of pCALNdlw 
(Arai et al . , described above) to obtain plasmid named pCALNdLw/HN. 

LLC-MK2 cells were mixed with same amount or different ratio 
of pCALNdLw/F and pCALNdLw/HN, to introduce genes using mammalian 
transfection kit (Stratagene) , according to the manufacture's 
protocol. Cells were cloned after a three week-selection with G418. 
Drug resistant clones obtained were infected with a recombinant 
adenovirus (Ade/Cre, Saito et al . , described above) (moi=10) , which 
expresses Cre DNA recombinase. Then the cells were collected 3 days 
after inducing expression of F and HN protein after washing 3 times 
with PBS(-), and they were probed with monoclonal IgG of anti-SeV 
F protein and anti-SeV HN protein by using Western blotting method 
(Figure 22 ) . 

Construction of pGEM/FHN> 

F and HN fragments used for the construction of pCALNdLw/F and 
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pCALNdLw/HN were cloned into pGEM4Z and pGEM3Z (Promega) to obtain 
pGEM4Z/F and pGEM3Z/HN, respectively. A fragment obtained by PvuII 
digestion of the region comprising T7 promoter and HN of pGEM3Z/HN 
was recovered, and ligated into the blunted site cut at the SacI unique 
site at the downstream of F gene of pGEM4Z/F. F and HN proteins were 
confirmed by Western blotting using anti-F or anti-HN monoclonal 
antibodies to be expressed simultaneously when they were aligned in 
the same direction. 

<Reconstitution of FHN-def icient virus> 

The reconstitution of FHN-def icient viruses (PO) was done in 
two ways. One was using the RNP transfection method as used in the 
reconstitution of F-deficient virus, and the other was using T7 to 
supply co-expressing plasmids . Namely, under the regulation of T7 
promoter, plasmids expressing F and HN proteins were constructed 
separately, and using those plasmids F and HN proteins were supplied 
for the reconstitution. In both methods, reconstituted viruses were 
amplified by FHN coexpressing cells. FHN-def icient, GFP-expressing 
SeV cDNA ( P SeV18 + /AFHN-d2GFP) , pGEM/NP, pGEM/P, pGEM/L, and pGEM/FHN 
were mixed in the ratio of 12 ug/10 cm dish, 4 ug/10 cm dish, 2 ug/10 
cm dish, 4 ug/10 cm dish, and 4 ug/10 cm dish (final total volume, 
3 ml/10 cm dish) for gene introduction into LLC-MK2 cells in the same 
way as F-deficient SeV reconstitution described above. Three hours 
after the gene introduction, media was changed to MEM containing AraC 
(40 ng/ml, SIGMA) and trypsin (7.5 (ig/ml, GIBCO) , and cultured further 
for 3 days . Observation was carried out by fluorescence stereoscopic 
microscope 2 days after gene introduction. The effect of pGEM/FHN 
addition was analyzed, and the virus formation was confirmed by the 
spread of GFP-expressing cells. As a result, a spread of 
GFP-expressing cells was observed when pGEM/FHN was added at 
reconstitution, whereas the spread was not observed when pGEM/FHN 
was not added, and the GFP expression was observed only in a single 
cell (Figure 23) . It is demonstrated that the addition at FHN protein 
reconstitution caused virus virion formation. On the other hand, in 
the case of RNP transfection, virus recovery was successfully 
accomplished in FHN expressing cells of PI, as in the case of F 
deficiency (Figure 24, upper panel) . 
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Virus amplification was confirmed after infection of 
FHN-deficient virus solution to cells induced to express FHN protein 
6 hours or more after Ade/Cre infection (Figure 24, lower panel). 

Solution of viruses reconstituted from FHN-deficient 
5 GFP-expressing SeV CDNA was infected to LLC-MK2, LLC-MK2/F, 
LLC-MK2/HN and LLC-MK2/FHN cells, and cultured with or without the 
addition of trypsin. After 3 days of culture, spread of GFP protein 
expressing cells was analyzed. As a result, spread of GFP was observed 
only in LLC-MK2/FHN, confirming that the virus solution can be 
10 amplified specifically by FHN co-expression and in a trypsin dependent 

manner (Figure 25) . 

To confirm FHN-deficient viral-genome, culture supernatant 
recovered from LLC-MK2 /FHN cells was centrifuged, and RNA was 
extracted using QIAamp Viral RNA mini kit (QIAGEN) , according to 
15 manufacturer's protocol. The RNA was used for template synthesis of 
RT-PCR using Superscript Preamplif ication System for first Strand 
Synthesis (GIBCO BRL) , and PCR was performed using TAKARA Z-Taq 
(Takara) . F-deficient virus was used as a control group. PCR primer 
sets were selected as combination of M gene and GFP gene, or 
20 combination of M gene and L gene (for combination of M gene and GFP 
gene (M-GFP) , forward: 5 ' -atcagagacctgcgacaatgc / SEQ ID NO: 13, 
reverse: 5 ' -aagtcgtgctgcttcatgtgg / SEQ ID NO: 14; for combination 
of M gene and L gene (M-L) , forward: 5 * -gaaaaacttagggataaagtccc / 
SEQ ID NO: 15, reverse: 5 ' -gttatctccgggatggtgc / SEQ ID NO: 16) . As 
25 a result, specific bands were obtained for both F-deficient and 
FHN-deficient viruses at RT conditions when using M and GFP genes 
as primers. In the case of using M and L genes as primers, the bands 
with given size comprising GFP were detected for FHN deficient sample, 
and lengthened bands with the size comprising HN gene were detected 
30 for F deficient one. Thus, FHN deficiency in genome structure was 
proven (Figure 2 6) . 

On the other hand, FHN-deficient virus was infected to 
F-expressing cells similarly as when using the F-deficient virus, 
and culture supernatant was recovered after 4 days to perform 
35 infection experiment toward LLC-MK2, LLC-MK2/F, and LLC-MK2 /FHN . As 
a result, GFP expression cell was not observed in any infected cell, 
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showing that the virus has no infectiousness to these cells . However, 
it has been already reported that F protein alone is enough to form 
virus particles (Kato, A. et al., Genes cells 1, 569-579 (1996)) and 
that asialogiycoprotein receptor (ASG-R) mediates specific infection 
to hepatocytes (Spiegel et al . , J. Virol 72, 5296-5302, 1998). Thus, 
virions comprising FHN-def icient RNA genome, with virus envelope 
configured with only F protein may be released to culture supernatant 
of F-expressing cells. Therefore, culture supernatant of 
F-expressing cells infected with FHN-def icient virus was recovered, 
and after centrif ugation, RNA was extracted as described above and 
analyzed by RT-PCR by the method described above. As a result, the 
existence of RNA comprising FHN-def icient genome was proved as shown 
in Figure 27. 

Western blotting analysis of virus virion turned into 
pseudotype with VSV-G clearly shows that F and HN proteins are not 
expressed. It could be said that herein, the production system of 
FHN-def icient virus virions was established. 

Moreover, virions released from F protein expressing cells were 
overlaid on FHN expressing or non-expressing LLC-MK2 cells with or 
without mixing with a cationic liposome (50 \xl DOSPER/500 jal/well) . 
As a result, spread of GFP-expressing cells was observed when overlaid 
as mixture with DOSPER, while HN-less virion only has no 
infectiousness at all, not showing GFP-expressing cells, as was seen 
in the case of F-less particles described above. In FHN 
non-expressing cells GFP expressing cell was observed, but no evidence 
of virus re-formation and spread was found. 

These virus-like particles recovered from F-expressing cells 
can infect cells continuously expressing ASG-R gene, ASG-R 
non-expressing cells, or hepatocytes, and whether the infection is 
liver-specific or ASG-R specific can be examined by the the method 
of Spiegel et al. 

[Example 9] Application of deficient genome RNA virus vector 

1. F-def icient RNP amplified in the system described above is 
enclosed by the F~less virus envelope . The envelope can be introduced 
into cells by adding any desired cell-introducing capability to the 
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envelope by chemical modification methods and such, or by gene 
introducing reagents or gene guns or the like (RNP transf ection, or 
RNP injection), and the recombinant RNA genome can replicate and 
produce proteins autonomously and continuously in the cells. 

2. A vector capable of specific targeting can be produced, when 
intracellular domain of HN is left as-is, and the extracellular domain 
of HN is fused with ligands capable of targeting other receptors in 
a specif ic manner, and recombinant gene capable of producing chimeric 
protein is incorporated into viral-genome. In addition, the vector 
can be prepared in cells producing the recombinant protein. These 
vectors can be applicable to gene therapy, as vaccines, or such. 

3. Since the reconstitution of SeV virus deficient in both FHN has 
been successfully accomplished, targeting vector can be produced by 
introducing targeting-capable envelope chimeric protein gene into 
FHN deletion site instead of the GFP gene, reconstituting it by the 
same method as in the case of FHN-def icient vector, amplifying the 
resultant once in FHN-expressing cells, infecting the resultant to 
non-expressing cells, and recovering virions formed with only the 
targeting-capable chimeric envelope protein transcribed from the 
viral-genome . 

4. A mini-genome of Sendai virus and a virion formed with only F 
protein packaging mini-genome by introducing NP, P, L and F gene to 
cells have been reported (Leyer et al., J Gen. Virol 79, 68 3-687, 1998). 
A vector in which murine leukemia virus is turned into pseudo-type 
by Sendai F protein has also been reported (Spiegel et al., J. Virol 
72, 5296-5302, 1998) . Also reported so far is the specific targeting 
of trypsin-cleaved F-protein to hepatocytes mediated by ASG-R (Bitzer 
et al. , J. Virol. 71, 5481-548 6, 1997) . The systems in former reports 
are transient particle-forming systems, which make it difficult to 
continuously recover vector particles. Although Spiegel et al . has 
reported retrovirus vector turned into pseudo-type by Sendai F protein, 
this method carries intrinsic problems like the retrovirus being able 
to introduce genes to only mitotic cells. The virus particles 
recovered in the present invention with a FHN co-deficient SeV 
viral-genome and only the F protein as the envelope protein are 
efficient RNA vectors capable of autonomous replication in the 
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cytoplasm irrespective of cell mitosis. They are novel virus 
particles, and is a practical system facilitating mass production. 

[Example 10] Virus reconstitution and amplification from 
5 FHN-def icient SeV genome 

The techniques of reconstitution of infectious virus particles 
from cDNA that cloned the viral genome has been established for many 
single strand minus strand RNA viruses such as the Sendai virus, 
measles virus. 

10 In most of the systems, reconstitution is carried out by 

introducing plasmids introduced with cDNA, NP, P, and L genes at the 
downstream of T7 promoter into cells and expressing cDNA and each 
gene using T7 polymerase. To supply T7 polymerase, recombinant 
vaccinia virus expressing T7 polymerase is mainly used. 

15 T7 expressing vaccinia virus can express T7 polymerase 

efficiently in most cells. Although, because of vaccinia 
virus-induced cytotoxicity, infected cells can live for only 2 or 
3 days . In most cases , rif ampicin is used as an anti-vaccinia reagent . 
In the system of Kato et al . (Kato, A. et al . , Genes cells 1, 569-579 

20 (1996)), AraC was used together with rifampicin for inhibiting 
vaccinia virus growth to a minimum level, and efficient reconstitution 

of Sendai virus. 

However, the reconstitution efficiency of minus strand RNA 
virus represented by Sendai virus is several particles or less in 

25 lx 10 5 cells, far lower than other viruses such as retroviruses. 
Cytotoxicity due to the vaccinia virus and the complex reconstitution 
process (transcribed and translated protein separately attaches to 
bare RNA to form RNP-like structure, and after that, transcription 
and translation occurs by a polymerase) can be given as reasons for 

30 this low reconstitution efficiency. 

In addition to the vaccinia virus, an adeno virus system was 
examined as a means for supplying T7 polymerase, but no good result 
was obtained. Vaccinia virus encodes RNA capping enzyme functioning 
in cytoplasm as the enzyme of itself in addition to T7 polymerase 

35 and it is thought that the enzyme enhances the translational 
efficiency by capping the RNA transcribed by T7 promoter in the 
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cytoplasm. The present invention tried to enhance the reconstitution 
efficiency of Sendai virus by treating vaccinia virus with 
Psoralen-Long-Wave-UV method to avoid cytotoxicity due to the 
vaccinia virus. 

5 By DNA cross-linking with Psoralen and long-wave ultraviolet 

light, the state in which the replication of virus with DNA genome 
is inhibited, without effecting early gene expression in particular, 
can be obtained. The notable effect seen by inactivation of the virus 
in the system may be attributed to that vaccinia virus having a long 
10 genome (Tsung, K. et al . , J Virol 70, 165-171 (1996)). 

in the case of wildtype virus that can propagate autonomously, 
even a single particle of virus formed by reconstitution makes it 
possible for Sendai virus to be propagated by inoculating transfected 
cells to embryonated chicken eggs. Therefore, one does not have to 
15 consider of the efficiency of reconstitution and the residual vaccinia 
virus seriously . 

However, in the case of reconstitution of various mutant viruses 
for researching viral replication, particle formation mechanism, and 
so on, one may be obligated to use cell lines expressing a protein 
20 derived from virus and such, not embryonated chicken eggs, for 
propagation of the virus. Further, it may greatly possible that the 
mutant virus or deficient virus propagates markedly slower than the 
wild type virus. 

To propagate Sendai virus with such mutations, transfected 
25 cells should be overlaid onto cells of the next generation and cultured 
for a long period. In such cases, the reconstitution efficiency and 
residual titer of vaccinia virus may be problematic. In the present 
method, titer of surviving vaccinia virus was successfully decreased 
while increasing reconstitution efficiency. 
30 Using the present method, a mutant virus that could have not 

been ever obtained in the former system using a non-treated vaccinia 
virus was successfully obtained by reconstitution (F, FHN-def icient 
virus) . The present system would be a great tool for the 
reconstitution of a mutant virus, which would be done more in the 
35 future. Therefore, the present inventors examined the amount of 
Psoralen and ultraviolet light (UV) , and the conditions of vaccinia 
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virus inactivation . 
<Experiment> 

First, Psoralen concentration was tested with a fixed 
irradiation time of 2 min. Inactivation was tested by measuring the 
5 titer of vaccinia virus by plaque formation, and by measuring T7 
polymerase activity by pGEM-luci plasmid under the control of T7 
promoter and mini-genome of Sendai virus. The measurement of T7 
polymerase activity of mini-genome of Sendai virus is a system in 
which cells are transf ected concomitantly with plasmid of mini-genome 
10 of Sendai virus and pGEM/NP, pGEM/P, and pGEM/L plasmids, which 
express NP-, P-, and L-protein of Sendai virus by T7, to examine 
transcription of lucif erase enzyme protein by RNA polymerase of Sendai 
virus after the formation of ribonucleoprotein complex. 

After the 2 min UV irradiation, decrease in titer of vaccinia 
15 virus depending on psoralen concentration was seen. However, T7 
polymerase activity was unchanged for a Psoralen concentration up 
to 0, 0.3, and 1 |ag/ml, but decreased approximately to one tenth at 
10 jig /ml (Figure 28) . 

Furthermore, by fixing Psoralen concentration to 0 . 3 jag/ml, UV 
20 irradiation time was examined. In accordance with the increase of 
irradiation time, the titer of vaccinia virus was decreased, although 
no effect on T7 polymerase activity was found up to a 30 min irradiation , 
In this case, under the conditions of 0 . 3 jag/ml and 30 min irradiation, 
titer could be decreased down to 1/1000 without affecting T7 
25 polymerase activity (Figure 29) . 

However, in vaccinia virus with a decreased titer of 1/1000, 
CPE 24 hours after infection at moi=2 calibrated to pretreatment titer 
(moi-0.002 as residual titer after treatment) was not different from 
that of non-treated virus infected at moi=2 (Figure 30) . 
30 Using vaccinia virus treated under the conditions described 

above, the efficiency of reconstitution of Sendai virus was examined. 
Reconstitution was carried out by the procedure described below, 
modifying the method of Kato et al. mentioned above. LLC-MK2 cells 
were seeded onto 6-well microplates at 3x 10 5 cells/well, and after 
35 an overnight culture, vaccinia virus was diluted to the titer of 6x 
10 5 pfu/100 ill calibrated before PLWUV treatment, and infected to 
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PBS-washed cells. One hour after infection, 100 jul of OPTI-MEM added 
withl, 0.5, 1, and 4 of plasmid pGEM-NP, P, L, and cDNA, respectively, 
was further added with 10 nl Superfect (QiAGEN) and left standing 
for 15 min at room temperature, and after adding 1 ml OPTI-MEM (GIBCO) 

5 (containing Rif. and AraC) , was overlaid onto the cells. 

Two, three and four days after transf ection, cells were 
recovered, centrifuged, and suspended in 300 jil/well of PBS. 100 \xl 
of cell containing solution made from the suspension itself, or by 
diluting the suspension by 10 or 100 folds, was inoculated to 

10 embryonated chicken eggs at day 10 following fertilization, 4 eggs 
for each dilution (lx 10 5 , lx 10 4 , and Ix 10 3 cells, respectively). 
After 3 days, allantoic fluid was recovered from the eggs and the 
reconstitution of virus was examined by HA test (Table 1) . Eggs with 
HA activity was scored as 1 point, 10 points and 100 points for eggs 

15 inoculated with lx 10 5 , lx 10 4 , and lx 10 3 cells, respectively, to 
calculate Reconstitution Score (Figure 31) . The formula is as shown 
in Table 1. 

Table 1. Effect of the duration of UV treatment of vaccinia virus 
20 on reconstitution efficiency of Sendai virus 



56 



C3 
- f— i 


CO 




?H 


• -H 

o 




o 


> 




- r-( 


> 


C3 


Cm 




o 






CD 


ceo 


0 Cm 


g 


O 


4-5 




ci 


CJ 


P S3 


M 


0 

. M 


> 


fic 




cm 
0 


Cm 

o 


CJ 




o 

. m 


o 

. M 


4-3 


4-i 




03 






CO 




Sh 

O 


CP 


o 




0 


4J 


?H 


cm 


S3 


O 


O 



The number of HA-positive eggs (b) 
2d 3d 4d 


o 




o 


o 




o 

CM 






o 




Lo 

t-H 


CO 


o 


o 


CO 


o 




o 


o 


T"H 


o 

CO 






CM 


CM 


o 
cm 




CO 


o 


CO 


LO 

1~H 


CM 


CM 




CM 
CM 

T-H 


o 


O 


o 


o 


o 


o 

CO 




CM 




CM 

t-H 


o 

CM 




CO 


o 


CM 


Lo 


CM 


-H 


O 


CM 

r-H 


o 


t-H 


o 


o 


r-H 


Score (a) 




10 (a2) 


100 (a3) 


X 
CO 

cd 

CM 

+ 

t-H 

3 


The number 
of inoculated 
cells 


LO.. 
O 
1— t 


o 


CO 

o 


Reconsti™ 
tution Score 



X) 
CO 

+ 

CM 
c3 
+ 



1! 

0 

o 
o 

a 
o 



o 



Also, residual titers of vaccinia virus measured at 2, 3, and 
4 days after transfection within cells were smaller in the treated 
group in proportion to the titer given before transfection (Figure 
32) . 

By inactivating vaccinia virus by PLWUV, titer could be 
decreased down to 1/1000 without affecting T7 polymerase activity. 
However, CPE derived from vaccinia virus did not differ from that 
of non-treated virus with a 1000 fold higher titer as revealed by 
microscopic observations. 

Using vaccinia virus treated with the condition described above 
for reconstitution of Sendai virus, reconstitution efficiency 
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increased from ten to hundred folds (Figure 31) . At the same time, 
residual titer of vaccinia virus after transfection was not 5 pfu/10 5 
cells or more. Thus, the survival of replicable vaccinia virus was 
kept at 0.005% or less. 

[Example 11] Construction of pseudotype Sendai virus 

<1> Preparation of helper cells in which VSV-G gene product is induced 

Because VSV-G gene product has a cytotoxicity, stable 
trans formant was created in LLC-MK2 cells using plasmid pCALNdLG (Arai 
T. et al., J. Virology 72 (1998) plll5-1121) in which VSV-G gene 
product can be induced by Cre recombinase. Introduction of plasmid 
into LLC-MK2 cells was accomplished by calcium phosphate method 
(CalPhosTMMammalian Transfection Kit, Clontech) , according to 
accompanying manual. 

Ten micrograms of plasmid pCALNdLG was introduced into LLC-MK2 
cells grown to 60% confluency in a 10 cm culture dish. Cells were 
cultured for 24 hours with 10 ml MEM-FCS 10% medium in a 5% C0 2 incubator 
at 37°C. After 24 hours, cells were scraped off and suspended in 10 
ml of medium, and then using five 10 cm culture dishes, 1, 2 and 2 
dishes were seeded with 5 ml, 2 ml and 0.5 ml, respectively. Then 
they were cultured for 14 days in 10 ml MEM-FCS 10% medium containing 
1200 fig /ml G418 (GIBCO-BRL) with a medium change on every other day 
to select stable transf ormants . Twenty-eight clones resistant to 
G418 grown in the culture were recovered using cloning rings. Each 
clone was expanded to confluency in a 10 cm culture dish. 

For each clone, the expression of VSV-G was examined by Western 
blotting described below using anti-VSV-G monoclonal antibody, after 
infection with recombinant adenovirus AxCANCre containing Cre 
recombinase . 

Each clone was grown in a 6 cm culture dish to confluency, and 
after that, adenovirus AxCANCre was infected at MO 1=10 by the method 
of Saito et al . (see above) , and cultured for 3 days. After removing 
the culture supernatant, the cells were washed with PBS, and detached 
from the culture dish by adding 0 . 5 ml PBS containing 0.05% trypsin 
and 0.02% EDTA (ethylenediaminetetraacetic acid) and incubating at 
37°C, 5 min. After suspending in 3 ml PBS, the cells were collected 
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by centrifugation at 1500x g, 5 min. The cells obtained were 
resuspended in 2 ml PBS, and then centrifuged again at 1500x g, 5 
min to collect cells . 

The cells can be stored at -20 °C, and can be used by thawing 
according to needs. The collected cells were lysed in 100 |il cell 
lysis solution (RIPA buffer, Boehringer Mannheim) , and using whole 
protein of the cells (Ix 10 5 cells per lane) Western blotting was 
performed. Cell lysates were dissolved in SDS-polyacrylamide gel 
electrophoresis sample buffer (buffer comprising 6 mM Tris-HCl 
(pH6.8), 2% SDS, 10% glycerol, 5% 2-mercaptoethanol ) and subjected 
as samples for electrophoresis after heating at 95°C, 5 min. The 
samples were separated by electrophoresis using SDS-polyacrylamide 
gel (Multigel 10/20, Daiichi Pure Chemicals Co., Ltd), and the 
separated protein was then transferred to transfer membrane 
(lmmobilon™P Transf erMembranes , Millipore) by semi-dry blotting 
method. Transfer was carried out using transfer membrane soaked with 
100% methanol for 20 sec and with water for 1 hour, at a 1 mA/cm 2 constant 
current for 1 hour. 

The transfer membrane was shaken in 40 ml of blocking solution 
(Block-Ace, Snow Brand Milk Products Co., Ltd.) for 1 hour, and washed 
once in PBS . 

The transfer membrane and 5 ml anti-VSV-G antibody (clone P4D4, 
Sigma) diluted 1/1000 by PBS containing 10% blocking solution were 
sealed in a vinyl-bag and left to stand at 4°C. 

The transfer membrane was soaked twice in 40 ml of PBS-0 . 1% Tween 
20 for 5 min, and after the washing, soaked in PBS for 5 min for washing. 

The transfer membrane and 5 ml of anti-mouse IgG antibody 
labeled with peroxidase (anti-mouse immunoglobulin, Amersham) 
diluted to 1/2500 in PBS containing 10% blocking solution were sealed 
in vinyl-bag and were shaken at room temperature for 1 hour. 

After shaking, the transfer membrane was soaked twice in 
PBS-0. 1% Tween 20 for 5 min, and after the washing, soaked in PBS 
for 5 min for washing. 

The detection of proteins on the membrane crossreacting with 
anti~VSV-G antibody was carried out by the luminescence method (ECL 
Western blotting detection reagents, Amersham) . The result is shown 
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in Figure 33. Three clones showed AxCANCre infection specific VSV-G 
expression, confirming the establishment of LLC-MK2 cells in which 
VSV-G gene product can be induced. 

One clone among the clones obtained, named as LLCG-L1 , was 
5 subjected to flow cytometry analysis using anti-VSV antibody (Figure 
34) . As a result, reactivity with antibody specific to VSV-G gene 
induction was detected in LLCG-L1 , confirming that VSV-G protein is 
expressed on the cell surface. 

10 <2> Preparation of pseudotype Sendai virus comprising a genome 
deficient in the F gene using helper cells 

Sendai virus comprising a genome deficient in F gene was 
infected to VSV-G gene expressing cells, and whether production of 
pseudotype virus with VSV-G as capsid can be seen or not was examined 

15 using F-deficient Sendai virus comprising GFP gene described in the 
examples above, and the expression of GFP gene as an index . As a result, 
in LLCG-L1 without infection of recombinant adenovirus AxCANCre 
comprising Cre recombinase, virus gene was introduced by F-deficient 
Sendai virus infection and GFP-expressing cells were detected, 

20 although the number of expressing cells was not increased. In VSV-G 
induced cells, chronological increase of GFP-expressing cells was 
found. When 1/5 of supernatants were further added to newly VSV-G 
induced cells, no gene introduction was seen in the former supernatant, 
while the increase of GFP-expressing cells as well as gene 

25 introduction were found in the latter supernatant. Also, in the case 
that supernatant from latter is added to LLCG-L1 cells without 
induction of VSV-G, gene was introduced, but increase of 
GFP-expressing cells was not seen . Taken together, virus propagation 
specific to VSV-G expressing cells was found, and pseudotype 

30 F-deficient virus formation with VSV-G was found. 

<3> Evaluation of conditions for producing pseudotype Sendai virus 
with F gene-deficient genome 

A certain amount of pseudotype Sendai viruses with F 
gene-deficient genomes was infected changing the amount of AxCANCre 
35 infection (MOI=0, 1.25, 2.5, 5, and 10) and culture supernatant was 
recovered at day 7 or day 8. Then, the supernatant was infected to 
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the cells before and after induction of VSV-G, and after 5 days, number 
of cells expressing GFP was compared to see the effect of amount of 
VSV-G gene expression. As a result, no virus production was found 
at MOI=0 and maximum production was found at MOI=10 (Figure 35) . In 
addition, when time course of virus production was analyzed, the 
production level started to increase from day 5 or after, persisting 
to day 8 (Figure 36) . The measurement of virus titer was accomplished 
by calculating the number of particles infected to cells in the virus 
solution (CIU), by counting GFP-expressing cells 5 days after 
infection of serially (10 fold each) diluted virus solutions to cells 
not yet induced with VSV-G. As a result, the maximal virus production 
was found to be 5x 10 5 CIO/ml. 

<4> Effect of anti-VSV antibody on infectiousness of pseudotype Sendai 
virus with F gene-deficient genome 

As to whether pseudotype Sendai virus with F gene-deficient 
genome obtained by using VSV-G expressing cells comprises VSV-G 
protein in the capsid, the neutralizing activity of whether 
infectiousness will be affected was evaluated using anti-VSV antibody. 
Virus solution and antibody were mixed and lest standing at room 
temperature for 30 min, and then infected to LLCG-L1 cells without 
VSV-G induction. On day 5, gene-introducing capability was examined 
by the existence of GFP-expressing cells. As a result, perfect 
inhibition of infectiousness was seen by the anti-VSV antibody, 
whereas in Sendai virus with F gene-deficient genome having the 
original capsid, the inhibition was not seen (Figure 37) . Therefore, 
it was clearly shown that the present virus obtained is a pseudotype 
Sendai virus comprising VSV-G protein in its capsid, in which 
infectiousness of the virus can be specifically inhibited by an 
antibody . 

<5> Confirmation of pseudotype Sendai virus's possession of 

F-deficient genome 

Western blotting analysis of cell extract of infected cells was 
carried out to examine if the present virus propagated in cells 
expressing VSV-G gene is the F-deficient type. Western analysis was 
accomplished by the method described above. As the primary 
antibodies, anti-Sendai virus polyclonal antibody prepared from 
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rabbit, anti-F protein monoclonal antibody prepared from mouse, and 
anti-HN protein monoclonal antibody prepared from mouse were used. 
As the secondary antibodies, anti-rabbit IgG antibody labeled with 
peroxidase in the case of anti-Sendai virus polyclonal antibody, and 
anti-mouse IgG antibody labeled with peroxidase in the case of anti-F 
protein monoclonal antibody and anti-HN protein monoclonal antibody, 
were used. As a result, F protein was not detected, whereas protein 
derived from Sendai virus and HN protein were detected, confirming 
it is F-deficient type. 

<6> Preparation of pseudotype Sendai virus with F and HN 
gene-deficient genome by using helper cells 

Whether the production of pseudotype virus with VSV-G in its 
capsid is observed after the infection of Sendai virus with F and 
HN gene-deficient genome to LLCG-L1 cells expressing VSV-G gene was 
analyzed using GFP gene expression as the indicator and F and HN 
gene-deficient Sendai virus comprising GFP gene described in examples 
above, by a similar method as described in examples above . As a result, 
virus propagation specific to VSV-G expressing cells was observed, 
and the production of F and HN deficient Sendai virus that is a 
pseudotype with VSV-G was observed (Figure 38) . The measurement of 
virus titer was accomplished by calculating the number of particles 
infected to cells in the virus solution (CIU) , by counting 
GFP-expressing cells 5 days after infection of serially (10 fold each) 
diluted virus solutions to cells not yet induced with VSV-G. As a 
result, the maximal virus production was Ix 10 6 ClU/ml. 
<7> Confirmation of pseudotype Sendai virus's possession of F and 

HN deficient genome 

Western blotting of proteins in cell extract of infected cells 
was carried out to analyze whether the present virus propagated in 
VSV-G expressing cells are the F and HN deficient type. As a result, 
F and HN proteins were not detected, whereas proteins derived from 
Sendai virus were detected, confirming that it is F and HN deficient 
type (Figure 39) . 



[Example 12] Analysis of virus reconstitution method 
Conventional method> 
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LLC-MK2 cells were seeded onto 100 mm culture dishes at 5x 10° 
cells/dish. After a 24 hour culture, the cells were washed once with 
MEM medium without serum, and then infected with recombinant vaccinia 
virus expressing T7 RNA polymerase (Fuerst, T.R. et al., Proc. Natl. 
Acad. Sci. USA 83, 8122-8126 1986) (vTF7-3) at room temperature for 
1 hour (moi=2) (moi=2 to 3, preferably moi=2 is used) . The virus used 
herein, was pretreated with 3 ug/ml psoralen and long-wave ultraviolet 
light (3 65 nm) for 5 min. Plasmids P SeV18 + /AF-GFP, pGEM/NP, pGEM/P, 
and pGEM/L (Kato, A. et al., Genes cells 1, 569-579(1996)) were 
suspended in Opti-MEM medium (GIBCO) at ratio of 12 ug, 4 fig, 2 ug, 
and 4 ug/dish, respectively. Then, SuperFect transfection reagent 
(1 |j.g DNA/5 ul, QIAGEN) was added and left to stand at room temperature 
for 15 min and 3 ml Opti-MEM medium containing 3% FBS was added. 
Thereafter, the cells were washed twice with MEM medium without serum, 
and DNA-SuperFect mixture was added. After a 3 hr culture, cells were 
washed twice with MEM medium without serum, and cultured 70 hours 
in MEM medium containing 40 ug/ml cytosine (3-D-arabinof uranoside 
(AraC, Sigma) . Cells and culture supernatant were collected as P0-d3 
samples. Pellets of P0-d3 were suspended in Opti-MEM medium (10 7 
cells/ml) . They were f reeze-thawed three times and then mixed with 
lipofection reagent DOSPER (Boehringer Mannheim) (10° cells/25 pi 
DOSPER) and left to stand at room temperature for 15 min. Then, 
F-expressing LLC-MK2/F7 cells were transfected with the mixture (10° 
cells/well in 24-well plate) and cultured with MEM medium without 
serum (containing 40 ug/ml AraC and 7.5 ug/ml trypsin). Culture 
supernatants were recovered on day 3 and day 7 and were designated 
as Pl-d3 and Pl-d7 samples. 

<Envelope plasmid + F-expressing cells overlaying method> 

Transfection was carried out similarly as described above, 
except that 4 ug/dish envelope plasmid pGEM/FHN was added. After a 
3 hr culture, cells were washed twice with MEM medium without serum, 
and cultured 48 hours in MEM medium containing 40 ug/ml cytosine 
(3-D-arabinofuranoside (AraC, Sigma) and 7.5 ug/ml trypsin. After 
removing the culture supernatant, cells were overlaid with 5 ml cell 
suspension solution of a 100 mm dish of F-expressing LLC-MK2/F7 cells 
suspended with MEM medium without serum (containing 40 ug/ml AraC 
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and 7 . 5 ug/ml trypsin) . After a 48 hr culture, cells and supernatants 
were recovered and designated as P0-d4 samples. Pellets of P0-d4 
samples were suspended in Opti-MEM medium (2x 10 7 cells /ml) and 
freeze-thawed three times. Then F-expressing LLC-MK2/F7 cells were 

5 overlaid with the suspension (2x 10 6 cells/well, 24-well plate) and 
cultured in MEM medium without serum (containing 40 fxg/ml AraC and 
7.5 ug/ml trypsin) . Culture supernatants were recovered on day 3 and 
day 7 of the culture, designated as Pl-d3 and Pl-d7 samples, 
respectively. As a control, experiment was carried out using the same 

10 method as described above, but without overlaying and adding only 
the envelope plasmid. 

<CIU (Cell Infectious Units) measurement by counting GFP-expressing 
cells (GFP-CIU)> 

LLC-MK2 cells were seeded onto a 12-well plate at 2x 10 

15 cells/well, and after 24 hr culture the wells were washed once with 
MEM medium without serum. Then, the cells were infected with 100 
Hi /well of appropriately diluted samples described above (P0-d3 or 
P0-d4, Pl-d3, and Pl-d7), in which the samples were diluted as 
containing 10 to 100 positive cells in 10 cm 2 . After 15 min, 1 ml/well 

20 of serum-free MEM medium was added, and after a further 24 hr culture, 
cells were observed under fluorescence microscopy to count 
GFP-expressing cells. 

Measurement of CIU (Cell Infectious Units )> 

LLC-MK2 cells were seeded onto a 12-well plate at 2x 10 

25 cells/dish and after a 24 hr culture, cells were washed once with 
MEM medium without serum. Then, the cells were infected with 100 
ul/well of samples described above, in which the virus vector 
contained is designated as SeV/AF-GFP. After 15 min, 1 ml/well of 
MEM medium without serum was added and cultured for a further 24 hours . 

30 After the culture, cells were washed with PBS (-) three times and 
were dried up by leaving standing at room temperature for 
approximately 10 min to 15 min. To fix cells, 1 ml/well acetone was 
added and immediately removed, and then the cells were dried up again 
by leaving to stand at room temperature- for approximately 10 min to 

35 15 min. 300 ul/well of anti-SeV polyclonal antibody (DN-1) prepared 
from rabbit, 100-fold diluted with PBS (-) was added to cells were 
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and incubated for 45 min at 37 °C. Then, they were washed three Limes 
with PBS (-) and 300 ul/well of anti-rabbit IgG (H+L) 
fluorescence-labeled second antibody (Alexa CT 5 68 , Molecular Probes) , 
200-fold diluted with PBS (-) was added and incubated for 45 min at 

5 37 °C. After washing with PBS (-) three times, the cells were observed 
under fluorescence microscopy (Emission: 560 nm, Absorption: 645 nm 
filters, Leica) to find florescent cells (Figure 40) . 

As controls, samples described above (SeV/AF-GFP) were infected 
at 100 ul/well, and after 15 min 1 ml/well of MEM without serum was 

10 added, and after a 24 hr culture, cells were observed under 
fluorescence microscopy (Emission: 360 nm, Absorption: 470 nm filters, 
Leica) to find GFP-expressing cells, without the process after the 
culture . 



15 [Example 13] Evaluation of the most suitable PLWUV (Psoralen and 
Long-Wave UV light) treatment conditions for vaccinia virus (vTF7-3) 
for increasing reconstitution efficiency of deficient-type Sendai 
virus vector 

LLC-MK2 cells were seeded onto 100 mm culture dishes at 5x 10 c 

20 cells/dish, and after a 24 hr culture, the cells were washed once 
with MEM medium without serum. Then, the cells were infected with 
recombinant vaccinia virus (vTF7-3) (Fuerst, T.R. et al . , Proc. Natl. 
Acad. Sci. USA 83, 8122-812 6(198 6)) expressing T7 RNA polymerase at 
room temperature for 1 hour (moi=2) (moi=2 to 3, preferably moi=2 is 

25 used). The virus used herein, was pretreated with 0.3 to 3 ug/ml 
psoralen and long-wave ultraviolet light (365 nm) for 2 to 20 min. 
Plasmids pSeV18 + /AF-GFP, pGEM/NP, pGEM/P, and pGEM/L (Kato, A. et al., 
Genes cells 1, 569-579 (1996)) were suspended in Opti-MEM medium 
(GIBCO) at ratio of 12 ug, 4 ug, 2 ug, and 4 ug/dish, respectively. 

30 Then, SuperFect transfection reagent (1 ug DNA/5 ul, QIAGEN) was added 
and left to stand at room temperature for 15 min and 3 ml Opti-MEM 
medium containing 3% FBS was added. Thereafter, the cells were washed 
twice with MEM medium without serum, and then DNA-SuperFect mixture 
was added. After a 3 hr culture, cells were washed twice with MEM 

35 medium without serum, and cultured 48 hours in MEM medium containing 
40 ug/ml cytosine (3-D-arabinof uranoside (AraC, Sigma) . 
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Approximately 1/20 of field of view in 100 mm culture dish was observed 
by a fluorescence microscope and GFP-expressing cells were counted. 
To test the inactivation of vaccinia virus ( vTF7-3 ) , titer measurement 
by plaque formation (Yoshiyuki Nagai et al . , virus experiment 
protocols, p291-296, 1995) was carried out. 

Further, fixing the timing of recovery after transfection to 
day 3, psoralen and UV irradiation time were examined. Using vaccinia 
virus (vTF7-3) treated with each PLWUV treatment, reconstitution 
efficiency of Sendai virus was examined. Reconstitution was carried 
out by modifying the method of Kato et al . , namely by the procedure 
described below. LLC-MK2 cells were seeded onto a 6-well microplate 
at 5x 10 5 cells/well, and after an overnight culture (cells were 
considered to grow to lx 10 6 cells/well) , PBS washed cells were 
infected with diluted vaccinia virus (vTF7-3) at 2x 10 6 pfu/100 nl 
calibrated by titer before PLWUV treatment . After a 1 hour infection, 
50 ul of Opti-MEM medium (GIBCO) was added with 1, 0.5, 1, and 4 ug 
of plasmid pGEM/NP, pGEM/P, pGEM/L, and additional type SeV cDNA 
(pSeV18 + b ( + ) ) (Hasan, M. K. et al . , J. General Virology 78: 2813-2820, 
1997), respectively. 10 ^1 SuperFect (QIAGEN) was further added and 
left to stand at room temperature for 15 min. Then, 1 ml of Opti-MEM 
(containing 40 ug/ml AraC) was added and overlaid onto the cells. 
Cells were recovered 3 days after transfection, then centrifuged and 
suspended in 100 |j.l/well PBS. The suspension was diluted 10, 100, 
and 1000-fold and 100 ^1 of resultant cell solution was inoculated 
into embryonated chicken eggs 10 days after fertilization, using 3 
eggs for each dilution (lx 10 5 , lx 10 4 and lx 10 3 cells, respectively) . 
After 3 days, allantoic fluid was recovered from the eggs and virus 
reconstitution was examined by HA test. Eggs showing HA activity, 
which were inoculated with lx 10 5 cells, lx 10 4 cells and lx 10 3 cells 
scored 1, 10, and 100 point (s), respectively, to calculate 
reconstitution efficiency. 
<Results> 

Results of Examples 12 and 13 are shown in Figures 40 to 43, 
and Table 2. The combination of envelope expressing plasmid and cell 
overlay increased the reconstitution efficiency of SeV/AF-GFP. 
Notable improvement was obtained in d3 to d4 (day 3 to day4) of P0 
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(before subculture) (Figure 41). In Table 2, eggs were inoculated 
with cells 3 days after transf ection. The highest reconstitution 
efficiency was obtained in day 3 when treated with 0.3 jig /ml psoralen 
for 20 min. Thus, these conditions were taken as optimal conditions 
5 (Table 2) . 

Table 2 : Effect of PLWUV treatment of vaccinia virus on reconstitution 
of Sendai virus 
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[Example 14] Preparation of LacZ-comprising, F-deficient, 
GFP-non-comprising Sendai virus vector 

Construction of F-deficient type, LacZ gene-comprising SeV vector 



15 cDNA> 
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To construct cDNA comprising LacZ gene at Not I restriction site 
existing at the upstream region of NP gene of pSeV187AF described 
in Example 1 (pSeV (+18 :LacZ) /AF) , PCR was performed to amplify the 
LacZ gene. PCR was carried out by adjusting LacZ gene to multiples 
of 6 (Hausmann, S et al . , RNA 2, 1033-1045 (1996)) and using primer 
(5' -GCGCGGCCGCCGTACGGTGGCAACCATGTCGTTTACTTTGACCAA-3' /SEQ ID NO: 
17) comprising Not I restriction site for 5' end, and primer 
( 5 ' -GCGCGGCCGCGATGAACTTTCACCCTAAGTTTTTCTTACTACGGCGTACGCTATTACTTC 
TGACACCAGACCAACTGGTA-3' /SEQ ID NO: 18) comprising transcription 
termination signal of SeV (E) , intervening sequence (I), 
transcription initiation signal (S), and Not I restriction site for 
3' end, using pCMV-p (Clontech) as template . The reaction conditions 
were as follows. 50 ng pCMV-p, 200 dNTP (Pharmacia Biotech), 100 
pM primers, 4 U Vent polymerase (New England Biolab) were mixed with 
the accompanying buffer, and 25 reaction temperature cycles of 94 °C 
30 sec, 50°C 1 min, 72°C 2 min were used. Resultant products were 
electrophoresed with agarose gel electrophoreses. Then, 3.2 kb 
fragment was cut out and digested with NotI after purification. 
pSeV(+18:LacZ)/AF was obtained by ligating with NotI digested 
fragment of pSeV18+/AF. 
Conventional method> 

LLC-MK2 cells were seeded onto 100 mm culture dish at 5x 10° 
cells/dish, and after a 24 hour culture, the cells were washed once 
with MEM medium without serum. Then, the cells were infected with 
recombinant vaccinia virus (vTF7-3) (Fuerst, T.R. et al . , Proc. Natl. 
Acad. Sci. USA 83, 8122-8126 (1986)) expressing T7 RNA polymerase 
at room temperature for 1 hour (moi=2) (moi=2 to 3, preferably moi=2 
is used) . The virus used herein was pretreated with 3 [xg/m.1 psoralen 
and long-wave ultraviolet light (3 65 nm) for 5 min. LacZ comprising, 
F-deficient type Sendai virus vector cDNA (pSeV (+18 : LacZ) AF) , 
pGEM/NP, pGEM/P, and pGEM/L (Kato, A. et al . , Genes Cells 1, 569-579 
(1996)) were suspended in Opti-MEM medium (GIBCO) at a ratio of 12 
jig, 4 ug, 2 ^g, and 4 ug/dish, respectively, 4 ug/dish envelope plasmid 
pGEM/FHN and SuperFect transfection reagent (1 ug DNA/5 ul, QIAGEN) 
were added and left to stand at room temperature for 15 min. Then, 
3 ml Opti-MEM medium containing 3% FBS was added and the cells were 
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washed twice with MEM medium without serum, and then the DNA-SuperFect 
mixture was added. After a 3 hr culture, cells were washed twice with 
MEM medium without serum, and cultured 24 hours in MEM medium 
containing 4 0 jag /ml cytosine [3-D-arabinof uranoside (AraC, Sigma) and 
7.5 |ag/ml trypsin. Culture supernatants were removed and 5 ml of 
suspension of a 100 mm culture dish of F-expressing LLC-MK2/F7 cells 
in MEM medium without serum (containing 40 jag /ml AraC and 7.5 jig/ml 
trypsin) was overlaid onto the cells. After further a 48 hr culture, 
the cells and supernatants were recovered and designated as P0-d3 
samples. The P0-d3 pellets were suspended in Opti-MEM medium (2x 10' 
cells/ml) and after 3 times of f reeze-thawing, were mixed with 
lipofection reagent DOSPER (Boehringer Mannheim) (10° cells/25 jil 
DOSPER) and left to stand at room temperature for 15 min. Then, 
F-expressing LLC-MK2/F7 cells were transfected with the mixture (10° 
cells/well, 24-well plate) and cultured with MEM medium without serum 
(containing 40 [xg/ml AraC and 7.5 )ag/ml trypsin). The culture 
supernatants were recovered on day 7, and designated as Pl~d7 samples. 
Further, total volumes of supernatants were infected to F-expressing 
LLC-MK2/F7 cells seeded onto 12-well plates at 37°C for 1 hour. Then, 
after washing once with MEM medium, the cells were cultured in MEM 
medium without serum (containing 40 jxg/ml AraC and 7.5 jag /ml trypsin) . 
The culture supernatants were recovered on day 7, and were designated 
as P2-d7 samples. Further, total volumes of supernatants were 
infected to F-expressing LLC-MK2/F7 cells seeded onto 6-well plates 
at 37 °C for 1 hour. Then, after washing once with MEM medium, the 
cells were cultured in MEM medium without serum (containing 7.5 jag/ml 
trypsin) . The culture supernatants were recovered on day 7, and were 
designated as P3-d7 samples. Further, total volumes of supernatants 
were infected to F-expressing LLC-MK2/F7 cells seeded onto 10 cm 
plates at 37 °C for 1 hour. Then, after washing once with MEM medium, 
the cells were cultured in MEM medium without serum (containing 40 
fig /ml AraC and 7.5 jag/ml trypsin). The culture supernatants were 
recovered on day 7, and were designated as P4-d7 samples. 
Measurement of C1U by counting LacZ-expressing cells (LacZ-CIU)> 
LLC-MK2 cells were seeded onto 6-well plate at 2 . 5x 10 6 
cells/well, and after a 24 hr culture, the cells were washed once 
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with MEM medium without serum and infected with 1/10 fold serial 
dilution series of P3-d7 made using MEM medium at 37 °C for 1 hour. 
Then, the cells were washed once with MEM medium and 1 . 5 ml MEM medium 
containing 10% serum was added. After a three-day culture at 37 °C, 
5 cells were stained with |3-Gal staining kit (Invitrogen) . Result of 
experiment repeated three times is shown in Figure 44. As the result 
of counting LacZ staining positive cell number, Ix 10 to ClU/ml virus 
was obtained in P3~d7 samples in any case. 

10 [Example 15] Regulation of gene expression levels using polarity 
effect in Sendai virus 
Construction of SeV genomic cDNA> 

Additional NotI sites were introduced into Sendai virus (SeV) 
full length genomic cDNA, namely pSeV(+) (Kato, A. et al., Genes to 

15 Cells 1: 569-579, 1996), in between start signal and ATG translation 
initiation signal of respective genes. Specifically, fragments of 
pSeV(+) digested with Sphl/Sall (2645 bp), Clal (3246 bp), and 
Clai/EcoRI (5146 bp) were separated with agarose gel electrophoreses 
and corresponding bands were cut out and then recovered and purified 

20 with QIAEXIi Gel Extraction System (QiAGEN) as shown in Figure 45 (A) . 
The Sphl/Sall digested fragment, Clal digested fragment, and 
Clai/EcoRI digested fragment were ligated to LITMUS38 (NEW ENGLAND 
BIOLABS), pBluescriptil KS+ ( STRATAGENE) , and pBluescriptll KS+ 
(STRATAGENE) , respectively, for subcloning. Quickchange 

25 Site-Directed Mutagenesis kit (STRATAGENE) was used for successive 
introduction of NotI sites. Primers synthesized and used for each 
introduction were, sense strand: 

5' -ccaccgaccacacccagcggccgcgacagccacggcttcgg-3' (SEQ ID NO: 19), 
antisense strand: 5' -ccgaagccgtggctgtcgcggccgctgggtgtggtcggtgg-3' 

30 (SEQ ID NO: 20) for NP-P, sense strand: 

5' -gaaatttcacctaagcggccgcaatggcagatatctatag-3' (SEQ ID NO: 21), 
antisense strand: 5' -ctatagatatctgccattgcggccgcttaggtgaaatttc-3' 
(SEQ ID NO: 22) for P-M, sense strand: 

5' -gggataaagtcccttgcggccgcttggttgcaaaactctcccc~3' (SEQ ID NO: 23), 

35 antisense strand: 
5' -ggggagagttttgcaaccaagcggccgcaagggactttatccc-3' (SEQ ID NO: 24) 
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f or M-F, sense strand: 

5' -ggtcgcgcggtactttagcggccgcctcaaacaagcacagatcatgg-3' (SEQ ID NO: 

25) , antisense strand: 
5' -ccatgatctgtgcttgtttgaggcggccgctaaagtaccgcgcgacc-3' (SEQ ID NO: 

26) for F-HN, sense strand: 
5' -cctgcccatccatgacctagcggccgcttcccattcaccctggg-3' (SEQ ID NO: 27) , 
antisense strand: 
5' -cccagggtgaatgggaagcggccgctaggtcatggatgggcagg~3' (SEQ ID NO: 28) 
for HN-L. 

As templates, Sall/SphI fragment for NP-P, Clal fragments for 
P-M and M-F, and Clal/EcoRI fragments for F-HN and HN-L, which were 
subcloned as described above were used, and introduction was carried 
out according to the protocol accompanying Quickchange Site-Directed 
Mutagenesis kit. Resultants were digested again with the same enzyme 
used for subcloning, recovered, and purified. Then, they were 
assembled to Sendai virus genomic cDNA . As a result, 5 kinds of 
genomic cDNA of Sendai virus (pSeV(+)NPP, pSeV(+)PM, P SeV(+)MF, 
pSeV ( + ) FHN, and pSeV (+) HNL) in which NotI sites are introduced between 
each gene were constructed as shown in Figure 45(B). 

As a reporter gene to test gene expression level, human secreted 
type alkaline phosphatase (SEAP) was subcloned by PCR. As primers, 
5' primer: 5' -gcggcgcgccatgctgctgctgctgctgctgctgggcctg-3' (SEQ ID 
NO: 29) and 3' primer: 

5' ~~gcggcgcgcccttatcatgtctgctcgaagcggccggccg~3' (SEQ ID NO: 30) 
added with AscI restriction sites were synthesized and PCR was 
performed. pSEAP-Basic (CLONTECH) was used as template and Pfu turbo 
DNA polymerase (STRATAGENE) was used as enzyme. After PCR, resultant 
products were digested with AscI, then recovered and purified by 
electrophoreses. As plasmid for subcloning, pBluescriptll KS+ 
incorporated in its NotI site with synthesized double strand DNA 

[sense strand: 
5' -gcggccgcgtttaaacggcgcgccatttaaatccgtagtaagaaaaacttagggtgaaagt 
tcatcgcggccgc-3' (SEQ ID NO: 31), antisense strand: 
5' -gcggccgcgatgaactttcaccctaagtttttcttactacggatttaaatggcgcgccgtt 
taaacgcggccgc-3' (SEQ ID NO: 32)] comprising multicloning site 

(Pmel-Ascl-Swal) and termination signal-intervening 
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sequence-initiation signal was constructed (Figure 4 6) . To AscI site 
of the plasmid, recovered and purified RCR product was ligated and 
cloned. The resultant was digested with NotI and the SEAP gene 
fragment was recovered and purified by electrophoreses to ligate into 
5 types of Sendai virus genomic cDNA and NotI site of pSeV18-f 
respectively. The resultant virus vectors were designated as 
pSeV(+)NPP/SEAP, pSeV (+ ) PM/SEAP, pSeV (+) MF/SEAP, pSeV (+) FHN/ SEAP, 
pSeV(+)HNL/SEAP, and pSeV18 (+) /SEAP, respectively. 
<Virus reconstitution> 

LLC-MK2 cells were seeded onto 100 mm culture dishes at 2x 10° 
cells/dish, and after 24 hour culture the cells were infected with 
recombinant vaccinia virus (PLWUV-VacT7 ) (Fuerst, T.R. et al., Proc. 
Natl. Acad. Sci. USA 83: 8122-8126, 1986, Kato, A. et al . , Genes Cells 
1: 569-579, 1996) expressing T7 polymerase for 1 hour (moi=2) at room 
temperature for 1 hour, in which the virus was pretreated with psoralen 
and UV. Each Sendai virus cDNA incorporated with SEAP, pGEM/NP, 
pGEM/P, and pGEM/L were suspended in Opti-MEM medium (GIBCO) at ratio 
of 12 jig, 4 jig, 2 \xg f and 4 |ag/dish, respectively, 110 \il of SuperFect 
transfection reagent (Q1AGEN) was added, and left to stand at room 
temperature for 15 min and 3 ml Opti-MEM medium containing 3% FBS 
was added. Then, the cells were washed and DNA-SuperFect mixture was 
added. After a 3 to 5 hour culture, cells were washed twice with MEM 
medium without serum, and cultured 72 hours in MEM medium comprising 
cytosine p-D-arabinof uranoside (AraC) . These cells were recovered 
and the pellets were suspended with 1 ml PBS, f reeze-thawed three 
times . The 100 \xl of resultant was inoculated into chicken eggs, which 
was preincubated 10 days, and further incubated 3 days at 35 °C, then, 
allantoic fluid was recovered. The recovered allantoic fluids were 
diluted to 10~ 5 to 10" 7 and re-inoculated to chicken eggs to make it 
vaccinia virus-free, then recovered similarly and stocked in aliquots 
at -80 °C . The virus vectors were designated as SeVNPP/ SEAP, 
SeVPM/SEAP, SeVMF/SEAP, SeVFHN/SEAP, SeVHNL/SEAP, and SeV18/SEAP. 
<Titer measurement by plaque assay> 

CV-1 cells were seeded onto 6-well plates at 5x 10 5 cells/well 
and cultured for 24 hours. After washing with PBS, cells were 
incubated 1 hour with recombinant SeV diluted as 10" 3 , 10~ 4 , ±0~\ 10"° 
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and 10" 7 by BSA/PBS (1% BSA in PBS) , washed again with PBS, then overlaid 
with 3 ml/well of BSA/MEM/agarose (0.2% BSA + 2x MEM, mixed with 
equivalent volume of 2% agarose) and cultured at 37 °C, 0.5% C0 2 for 
6 days. After the culture, 3 ml of ethanol/acetic acid 
(ethanol: acetic acid=l:5) was added and left to stand for 3 hours, 
then removed with agarose. After washing three times with PBS, cells 
were incubated with rabbit anti-Sendai virus antibody diluted 
100-folds at room temperature for 1 hour. Then, after washing three 
times with PBS, cells were incubated with Alexa Flour™ labeled goat 
anti rabbit Ig(G+H) (Molecular Probe) diluted 200-folds at room 
temperature for 1 hour. After washing three times with PBS, 
fluorescence images were obtained by lumino-image analyzer LAS1000 
(Fuji Film) and plaques were measured. Results are shown in Figure 
47. In addition, results of titers obtained are shown in Table 3. 

Table 3: Results of titers of each recombinant Sendai virus measured 
from results of plaque assay 



Recombinant virus Titer - (pfu/mi) 



SeV18/SEAP 


3.9X109 


SeVNPP/SEAP 


4.7X108 


SeVPM/SEAP 


3.8X109 


SeVMF/SEAP 


1.5X1010 


SeVFHN/SEAP 


7.0X109 


SeVHNL/SEAP 


7.1X109 



<Comparison of reporter gene expression> 

LLOMK2 cells were seeded onto a 6-well plate at 1 to 5x 10° 
cells/well and after a 2 4 hour culture, each virus vector was infected 
at moi=2 . After 24 hours, 100 jul of culture supernatants was recovered 
and SEAP assay was carried out. Assay was accomplished with Reporter 
Assay Kit -SEAP- (Toyobo) and measured by lumino-image analyzer 
LAS1000 (Fuji Film) . The measured values were indicated as relative 
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values by designating value of SeV18+/SEAP as 100. As a result, SEAP 
activity was detected regardless of the position SEAP gene was 
inserted, indicated in Figure 48 . SEAP activity was found to decrease 
towards the downstream of the genome, namely the expression level 
decreased. In addition, when SEAP gene is inserted in between NP and 
P genes, an intermediate expression level was detected, in comparison 
to when SEAP gene is inserted in the upstream of NP gene and when 
SEAP gene is inserted between P and M genes. 

[Example 16] Increase of propagation efficiency of deficient SeV by 

double deficient AF-HN overlay method 

Since the SeV virus reconstitution method used now utilizes a 
recombinant vaccinia virus expressing T7 RNA polymerase (vTF7-3) , 
a portion of the infected cells is killed by the cytotoxicity of the 
vaccinia virus. In addition, virus propagation is possible only in 
a portion of cells and it is preferable if virus propagation could 
be done efficiently and persistently in a more cells. However, in 
the case of paramyxovirus, cell fusion occurs when F and HN protein 
of the same kind virus exists on the cells surface at the same time, 
causing syncytium formation (Lamb and Kolakofsky, 1996, Fields 
virology, pll89) . Therefore, FHN co-expressing cells were difficult 
to subculture. Therefore, the inventors thought that recovery 
efficiency of deficient virus may increase by overlaying helper cells 
expressing deleted protein (F and HN) to the reconstituted cells. 
By examining overlaying cells with different times of FHN expression, 
virus recovery efficiency of FHN co-deficient virus was notably 
increased. 

LLC-MK2 cells ( Ix 10 7 cells/dish) grown to 100% confluency in 
10 cm culture dishes was infected with PLWUV-treated vaccinia virus 
at moi=2 for 1 hour at room temperature. After that, mixing 12 |ig/10 
cm dish, 4 ug/10 cm dish, 2 ug/10 cm dish, 4 ug/10 cm dish, and 4 ug/10 
cm dish of FHN-def icient cDNA comprising d2EGFP ( P SeVl8 + /AFHN-d2GFP 
(Example 8)), pGEM/NP, pGEM/P, pGEM/L, and pGEM/FHN, respectively 
(3 ml/lOcm dish as final volume) , and using gene introduction reagent 
SuperFect (QIAGEN) , LLC-MK2 cells were introduced with genes using 
a method similar to that as described above for the reconstitution 
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of F-deficient virus. After 3 hours, cells were washed three times 
with medium without serum, then, the detached cells were recovered 
by slow-speed centrif ugation (1000 rpm/2 min) and suspended in serum 
free MEM medium containing 40 |ag/ml AraC (Sigma) and 7.5 \xg/ml trypsin 

5 (GIBCO) and added to cells and cultured overnight. FHN co-expressing 
cells separately prepared, which were 100% confluent 10 cm culture 
dishes, were induced with adenovirus AxCANCre at MOI=10, and cells 
at 4 hours, 6 hours, 8 hours, day 2, and day 3 were washed once with 
5 ml PBS(-) and detached by cell dissociation solution (Sigma). 

10 Cells were collected by slow speed centrif ugation (1000 rpm/2 min) 
and suspended in serum free MEM medium containing 40 jag/ml AraC (Sigma) 
and 7.5 jag/ml trypsin (GIBCO) . This was then added to cells in which 
FHN co-deficient virus was reconstituted (P0) and cultured overnight. 
Two days after overlaying the cells, cells were observed using 

15 fluorescence microscopy to confirm the spread of virus by GFP 
expression within the cells. The results are shown in Figure 49. 
When compared to the conventional case (left panel) without overlaying 
with cells, notably more GFP-expressing cells were observed when cells 
were overlaid with cells (right) . These cells were recovered, 

20 suspended with 10 7 cells/ml of Opti-MEM medium (GIBCO) and 
freeze-thawed for three times to prepare a cell lysate. Then, FHN 
co-expressing cells 2 days after induction were infected with the 
lysate at 10 6 cells/100 jil/well, and cultured 2 days in serum free 
MEM medium containing 40 jag/ml AraC (Sigma) and 7.5 fag/ml trypsin 

25 (GIBCO) at 37 °C in a 5% C0 2 incubator, and the virus titer of culture 
supernatant of PI cells were measured by CIU-GFP (Table 4). As a 
result, no virus amplification effect was detected 4 hours after FHN 
induction, and notable amplification effects were detected 6 hours 
or more after induction due to cell overlaying. Especially, viruses 

30 released into PI cell culture supernatant were 10 times more after 
6 hours when cell overlaying was done compared to when cell overlaying 
was not done. 

Table 4: Amplification of deficient SeV by double deficient AF-HN 
35 cell overlaying method 
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[Example 17] Confirmation of pseudotype Sendai virus's possession 
of F-deficient genome 

Western analysis of proteins of extracts of infected cells was 
5 carried out to confirm that the virus propagated by VSV-G gene 
expression described above is F-deficient type. As a result, 
proteins derived from Sendai virus were detected, whereas F protein 
was not detected, confirming that the virus is F-deficient type 
(Figure 50) . 

10 

[Example 18] Effect of anti-VSV antibody on infectiousness of 
pseudotype Sendai virus comprising F and HN gene-deficient genome 
To find out whether pseudotype Sendai virus comprising F and 
HN gene-deficient genome, which was obtained by using VSV-G 

15 expressing line, comprises VSV-G protein in its capsid, neutralizing 
activity of whether or not infectiousness is affected was examined 
using anti-VSV antibody. Virus solution and antibody were mixed and 
left to stand for 30 min at room temperature. Then, LLCG-Ll cells 
in which VSV-G expression has not been induced were infected with 

20 the mixture and gene-introducing capability on day 4 was analyzed 
by the existence of GFP-expressing cells. As a result, perfect 
inhibition of infectiousness was seen by anti-VSV antibody in the 
pseudotype Sendai virus comprising F and HN gene-deficient genome 
(VSV-G in the Figure) , whereas no inhibition was detected in Sendai 

25 virus comprising proper capsid (F, HN in the Figure) (Figure 51) . 
Thus, the virus obtained in the present example was proven to be 
pseudotype Sendai virus comprising VSV-G protein as its capsid, and 
that its infectiousness can be specifically inhibited by the antibody. 
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[Example 19] Purification of pseudotype Sendai viruses comprising 
F gene-deficient and F and HN gene-deficient genomes by density 
gradient ultracentrif ugation 

Using culture supernatant of virus infected cells, sucrose 

5 density gradient centrif ugation was carried out, to fractionate and 
purify pseudotype Sendai virus comprising deficient genomes of F gene 
and F and HN genes. Virus solution was added onto a sucrose solution 
with a 20 to 60% gradient, then ultracentrif uged for 15 to 16 hours 
at 29000 rpm using SW41 rotor (Beckman) . After ultracentrif ugation, 

10 a hole was made at the bottom of the tube, then 300 |ul fractions were 
collected using a fraction collector. For each fraction, Western 
analysis were carried out to test that the virus is a pseudotype Sendai 
virus comprising a genome deficient in F gene or F and HN genes, and 
VSV-G protein as capsid. Western analysis was accomplished by the 

15 method as described above. As a result, in F-deficient pseudotype 
Sendai virus, proteins derived from the Sendai virus, HN protein, 
and VSV-G protein were detected in the same fraction, whereas F protein 
was not detected, confirming that it is a F-deficient pseudotype 
Sendai virus. On the other hand, in F and HN-deficient pseudotype 

20 Sendai virus, proteins derived from Sendai virus, and VSV-G protein 
were detected in the same fraction, whereas F and HN protein was not 
detected, confirming that it is F and HN deficient pseudotype Sendai 
virus (Figure 52) . 

25 [Example 20] Overcoming of haemagglutination by pseudotype Sendai 
virus comprising F gene-deficient and F and HN gene-deficient genomes 
LLC-MK2 cells were infected with either pseudotype Sendai virus 
comprising F gene-deficient or F and HN gene-deficient genome, or 
Sendai virus with normal capsid, and on day 3, 1% avian red blood 

30 cell suspension was added, and left to stand for 30 min at 4°C. 
Thereafter, cell surface of infected cells expressing GFP were 
observed. As a result, for virus with F gene-deficient genome and 
F-deficient pseudotype Sendai virus (SeV/AF, and pseudotype 
SeV/AF (VSV-G) by VSV-G) , agglutination reaction was observed on the 

35 surface of infected cells, as well as for the Sendai virus with the 
original capsid. On the other hand, no agglutination reaction was 
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observed on the surface of infected cells for pseudotype Sendai virus 
comprising F and HN gene-deficient genome (SeV/AF-HN (VSV-G) ) (Figure 
53) . 

5 [Example 21] Infection specificity of VSV-G pseudotype Sendai virus 
comprising F gene-deficient genome to cultured cells 

Infection efficiency of VSV-G pseudotype Sendai virus 
comprising F gene-deficient genome to cultured cells was measured 
by the degree of GFP-expressing in surviving cells 3 days after 

10 infection using flow cytometry. LLC-MK2 cells showing almost the 
same infection efficiency in pseudotype Sendai virus comprising F 
gene-deficient genome and Sendai virus with original capsid were used 
as controls for comparison. As a result, no difference in infection 
efficiency was found in human ovary cancer HRA cells, whereas in Jurkat 

15 cells of T cell lineage about 2-fold increase in infection efficiency 
of VSV-G pseudotype Sendai virus comprising F gene~def icient genome 
was observed compared to controls (Figure 54) . 

[Example 22] Construction of F-def icient type Sendai virus vector 
20 comprising NGF 

<Reconstitution of NGF/SeV/AF> 

Reconstitution of NGF/SeV/AF was accomplished according to the 

above described "Envelope plasmid + F-expressing cells overlaying 

method". Measurement of titer was accomplished by a method using 
25 anti~SeV polyclonal antibody. 

Confirmation of virus genome of NGF/SeV/AF (RT-PCR) > 

To confirm NGF/SeV/AF virus genome (Figure 55, upper panel), 

culture supernatant recovered from LLC-MK2 / F7 cells were centrifuged, 

and RNA was extracted using QIAamp Viral RNA mini kit (QIAGEN) according 
30 to the manufacturer's protocol. Using the RNA template, synthesis 

and PCR of RT-PCR was carried out using SUPERSCRIPT™ ONE-STEP™ RT-PCR 

SYSTEM (GIBCO BRL) . As control groups, additional type SeV cDNA 
(pSeV18* b ( + ) ) (Hasan, M. K. et al. , J . General Virology 78 : 2813-2 82 0, 

1997) was used. NGF-N and NGF-C were used as PCR primers . For NGF-N, 
35 forward: ACTTGCGGCCGCCAAAGTTCAGTAATGTCCATGTTGTTCTACACTCTG (SEQ ID 

NO: 33), and for NGF-C, reverse: 
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ATCCGCGGCCGCGATGAACTTTCACCCTAAGTTTTTCTTACTACGGTCAGCCTCTTCTTGTAGC 
CTTCCTGC (SEQ ID NO: 34) were used. As a result, when NGF-N and NGF-C 
were used as primers, an NGF specific band was detected for NGF/SeV/AF 
in the RT conditions. No band was detected for the control group 
5 (Figure 55, bottom panel) . 

[Example 23] NGF protein quantification and measurement of in vitro 
activity expressed after infection of F-def icient type SeV comprising 
NGF gene 

10 Infection and NGF protein expression was accomplished using 

LLC-MK2/F or LLC-MK2 cells grown until almost confluent on culture 
plates of diameter of 10 cm or 6 cm. NGF/ SeV/ AF and NGF/SeV/AF-GFP 
were infected to LLC-MK2/F cells, and NGF/ SeV and GFP/SeV were 
infected to LLC-MK2 cells at m.o.i 0.01, and cultured 3 days with 

15 MEM medium without serum, containing 7.5 jig/ml trypsin (GIBCO) . 
After the 3 day culture, in which almost 100% of cells are infected, 
medium was changed to MEM medium without trypsin and serum and further 
cultured for 3 days. Then, each culture supernatant were recovered 
and centrifuged at 48,000x g for 60 min. Then, quantification of NGF 

20 protein and measurement of in vitro activity for the supernatant were 
carried out. Although in the present examples, F-def icient type SeV 
(NGF/SeV/AF, NGF/SeV/AF-GFP) (see Figure 55) are infected to 
LLC-MK2/F cells, if infected with a high m. o . i . (e.g. 1 or 3) , namely, 
infected to cells that are nearly 100% confluent from the beginning, 

25 experiment giving similar results can be performed using F 
non-expressing cells . 

For NGF protein quantification, ELISA kit NGF Emax Immuno Assay 
System (Promega) and the accompanying protocol were used. 32.4 (ig/ml, 
37 . 4 \xg/ml, and 10 . 5 jug /ml of NGF protein were detected in NGF/ SeV/ AF, 

30 NGF/SeV/AF-GFP, and NGF/ SeV infected cell culture supernatant, 
respectively. In the culture supernatant of NGF/ SeV/ AF and 
NGF/SeV/AF-GFP infected cells, high concentration of NGF protein 
exists, similar to culture supernatant of NGF/SeV infected cells, 
confirming that F-deficient type SeV expresses enough NGF. 

35 The measurement of in vitro activity of NGF protein was 

accomplished by using a dissociated culture of primary chicken dorsal 
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root ganglion (DRG; a sensory neuron of chicken), which is sensory 
neuron of a chicken, using survival activity as an index (Nerve Growth 
Factors (Wiley, New York) , pp. 95-109 (1989)). Dorsal root ganglion 
was removed from day 10 chicken embryo, and dispersed after 0.25% 
5 trypsin (G1BCO) treatment at 37 °C for 20 min. Using high-glucose 
D-MEM medium containing 100 units/ml penicillin (GIBCO) , 100 units/ml 
streptomycin (GIBCO), 250 ng/ml amphotericin B (GIBCO) 20 |oM 
2-deoxyuridine (Nakarai) , 20 juM 5-f luorodeoxyuridine (Nakarai) , 2 
mM L-glutamine (Sigma) , and 5% serum, cells were seeded onto 96-well 

10 plate at about 5000 cells/well. Polylysin precoated 96-well plates 
(Iwaki) were further coated with laminin (Sigma) before use. At the 
start point, control NGF protein or previously prepared culture 
supernatant after SeV infection was added. After 3 days, cells were 
observed under a microscope as well as conducting quantification of 

15 surviving cells by adding Alamer blue (CosmoBio) and using the 
reduction activity by mitochondria as an index (measuring 590 run 
fluorescence, with 530 nm excitation) . Equivalent fluorescence 
signals were obtained in control (without NGF addition) and where 
1/1000 diluted culture supernatant of cells infected with 

20 SeV/additional-type-GFP (GFP/SeV) was added, whereas the addition 
of 1/1000 diluted culture supernatant of cells infected with 
NGF/SeV/AF, NGF/ SeV/AF-GFP, and NGF/ SeV caused a notable increase 
in fluorescence intensity, and was judged as comprising a high number 
of surviving cells and survival activity (Figure 56) . The value of 

25 effect was comparable to the addition of amount of NGF protein 
calculated from ELISA. Observation under a microscope proved a 
similar effect. Namely, by adding culture supernatant of cells 
infected with NGF/SeV/AF, NGF/ SeV/ AF-GFP, and NGF/ SeV, an increase 
in surviving cells and notable neurite elongation was observed (Figure 

30 57) . Thus, it was confirmed that NGF expressed after infection of 
NGF-comprising F-deficient type SeV is active form. 

[Example 24] Detailed analysis of F-expressing cells 
1. moi and induction time course of Adeno-Cre 
35 By using different moi of Adeno-Cre, LLC-MK2/F cells were 

infected and after induction of F protein, the amount of protein 
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expression and the change in cell shape were analyzed. 

Expression level was slightly higher in moi=10 compared with 
moi=l (Figure 58). When expression amounts were analyzed at time 
points of 6 h, 12 h, 24 h, and 48 h after induction, high expression 
5 level of F protein at 48 h after induction was detected in all cases. 

In addition, changes in cell shape were monitored in a time 
course as cells were infected with moi=l , 3, 10, 30, and 100. Although 
a notable difference was found up to moi=10, cytotoxicity was observed 
for moi=30 or over (Figure 59) . 
10 2. Passage number 

After induction of F protein to LLC-MK2/F cells using Adeno-Cre, 
cells were passaged 7 times and expression level of F protein and 
the morphology of the cells were analyzed using microscopic 
observation. On the other hand, laser microscopy was used for 
15 analysis of intracellular localization of F protein after induction 
of F protein in cells passaged until the 2 0 th generation. 

For laser microscopic observation, LLC-MK2/F cells induced with 
F protein expression were put into the chamber glass and after 
overnight culture, media were removed and washed once with PBS, then 
20 fixed with 3 . 7% Formalin-PBS for 5 min. Then after washing cells once 
with PBS, ceils were treated with 0.1% Triton X100-PBS for 5 min, 

and treated with anti-F protein monoclonal antibody (y-236) (1/100 
dilution) and FITC labeled goat anti-rabbit IgG antibody (1/200 
dilution) in this order, and finally washed with PBS and observed 

25 with a laser microscope. 

As a result, no difference was found in F protein expression 
levels in cells passaged up to 7 times (Figure 60) . No notable 
difference was observed in morphological change, infectiousness of 
SeV, and productivity. On the other hand, when cells passaged up to 

30 20 times were analyzed for intracellular localization of F protein 
using the immuno-antibody method, no big difference was found up to 
15 passages, but localization tendency of F protein was observed in 
cells passaged more than 15 times (Figure 61) . 

Taken together, cells before 15 passages are considered 

35 desirable for the production of F-deficient SeV. 
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[Example 25] Correlation between GFP-CIU and anti-SeV-CIU 

Correlation of the results of measuring Cell-Infected Unit 
(CIU) by two methods was analyzed. LLC-MK2 cells were seeded onto 
a 12-well plate at 2x 10 5 cells/dish, and after a 24 hour culture, 
5 cells were washed once with MEM medium without serum, and infected 
with 100 |il/well SeV/AF-GFP. After 15 min, 1 ml/well serum-free MEM 
medium was added and further cultured for 24 hours . After the culture, 
cells were washed three times with PBS (-) and dried up (left to stand 
for approximately 10 to 15 min at room temperature) and 1 ml/well 
10 acetone was added to fix cells and was immediately removed. Cells 
were dried up again (left to stand for approximately 10 to 15 min 
at room temperature) . Then, 300 |ul/well of anti-SeV polyclonal 
antibody (DN-1) prepared from rabbits and diluted 1/100 with PBS(-) 
was added to cells and incubated at 37 °C for 45 min and washed three 

15 times with PBS(-). Then, to the cells, 300 jal/well of anti-rabbit 
IgG (H+D) fluorescence-labeled second antibody (Alex™ 568, Molecular 
Probes) diluted 1/200 with PBS(-) was added, and incubated at 37 °C 
for 45 min and washed three times with PBS(-). Then, cells with 
fluorescence were observed under fluorescence microscopy (Emission: 

20 560 run, Absorption: 645 nm, Filters: Leica) . 

As a control, cells were infected with 100 fil/well of SeV/AF-GFP 
and after 15 min, 1 ml/well of MEM without serum was added. After 
a further 24 hour culture, GFP-expressing cells were observed under 
fluorescence microscopy (Emission : 3 60 nm, Absorption : 47 0 nm, 

25 Filters: Leica) without further manipulations. 

A Good correlation was obtained by evaluating the fluorescence 
intensity by quantification (Figure 62) . 

[Example 26] Construction of multicloning site 
30 A multicloning site was added to the SeV vector . The two methods 

used are listed below. 

1. Several restriction sites in full-length genomic cDNA of Sendai 

virus (SeV) and genomic cDNA of pSeV18" were disrupted, and another 

restriction site comprising the restriction site disrupted was 
35 introduced in between start signal and ATG translation initiation 

signal of each gene. 
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2. Into already constructed SeV vector cDNA, multicloning site 
sequence and transcription initiation signal - intervening sequence- 
termination signal were added and incorporated into NotI site. 

In the case of method 1, as an introducing method, Eagl-digested 

5 fragment (2644 bp), Clal-digested fragment (3246 bp), 
Clal/EcoRI-digested fragment (5146 bp) , and EcoRI-digested fragment 
(5010 bp) of pSeV18" were separated by agarose electrophoreses and 
the corresponding bands were cut out, then it was recovered and 
purified by QIAEXII Gel Extraction System (QIAGEN) . Eagl-digested 

10 fragment was ligated and subcloned into LITMUS3 8 (NEW ENGLAND BIOLABS) 
and Clal-digested fragment, Clal/EcoRI-digested fragment, and 
EcoRI-digested fragment were ligated and subcloned into pBluescriptll 
KS+ (STRATAGENE) . Quickchange Site-Directed Mutagenesis kit 
(STRATAGENE) was used for successive disruption and introduction of 

15 restriction sites . 

For disruption of restriction sites, Sal I: (sense strand) 
5' -ggagaagtctcaacaccgtccacccaagataatcgatcag~3' (SEQ ID NO: 35), 
(antisense strand) 5' -ctgatcgattatcttgggtggacggtgttgagacttctcc~3' 
(SEQ ID NO: 36), Nhe I: (sense strand) 

20 5' -gtatatgtgttcagttgagcttgctgtcggtctaaggc~3' (SEQ ID NO: 37), 
(antisense strand) 5' ~gccttagaccgacagcaagctcaactgaacacatatac-3' 
(SEQ ID NO: 38), Xho I: (sense strand) 

5' -caatgaactctctagagaggctggagtcactaaagagttacctgg-3' (SEQ ID NO: 39) , 
(antisense strand) 

25 5' -ccaggtaactctttagtgactccagcctctctagagagttcattg~3' (SEQ ID NO: 40), 
and for introducing restriction sites, NP-P: (sense strand) 
5' -gtgaaagttcatccaccgatcggctcactcgaggccacacccaaccccaccg-3' (SEQ ID 
NO: 41), (antisense strand) 

5' -cggtggggttgggtgtggcctcgagtgagccgatcggtggatgaactttcac-3' (SEQ ID 

30 NO: 42), P-M: (sense strand) 

5' -cttagggtgaaagaaatttcagctagcacggcgcaatggcagatatc-3' (SEQ ID NO: 

43) , (antisense strand) 
5' -gatatctgccattgcgccgtgctagctgaaatttctttcaccctaag~3' (SEQ ID NO: 

44) , M-F: (sense strand) 
35 5' -cttagggataaagtcccttgtgcgcgcttggttgcaaaactctcccc-3' (SEQ ID 

NO: 45) , (antisense strand) 
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5' -ggggagagttttgcaaccaagcgcgcacaagggactttatccctaag-3' (SEQ ID NO: 
46), F-HN: (sense strand) 

5' -ggtcgcgcggtactttagtcgacacctcaaacaagcacagatcatgg~3' (SEQ ID 
NO:47), (antisense strand) 

5' ~ccatgatctgtgcttgtttgaggtgtcgactaaagtaccgcgcgacc~3' (SEQ ID 
NO: 48), HN-L : (sense strand) 

5' -cccagggtgaatgggaagggccggccaggtcatggatgggcaggagtcc-3' (SEQ ID 
rqo: 49), (antisense strand) 

5' -ggactcctgcccatccatgacctggccggcccttcccattcaccctggg-3' (SEQ ID 
NO: 50), were synthesized and used for the reaction. After 
introduction, each fragment was recovered and purified similarly as 
described above, and cDNA were assembled. 

In the case of method 2, (sense strand) 
5' -ggccgcttaattaacggtttaaacgcgcgccaacagtgttgataagaaaaacttagggtga 
aagttcatcac-3' (SEQ ID NO: 51), (antisense strand) 
5' -ggccgtgatgaactttcaccctaagtttttcttatcaacactgttggcgcgcgtttaaacc 
gttaattaagc-3' (SEQ ID NO: 52), were synthesized, and after 
phosphorylation, annealed by 85°C 2 min, 65°C 15 min, 37 °C 15 min, 
and room temperature 15 min to incorporate into SeV cDNA. 
Alternatively, multicloning sites of pUC18 or pBluescriptll , or the 
like, are subcloned by PCR using primers comprising termination signal 
» intervening sequence - initiation signal and then incorporate the 
resultant into SeV cDNA. The virus reconstitution by resultant cDNA 
can be performed as described above. 

Industrial Applicability 

The present invention provides envelope gene-deficient viral 
vectors of Paramyxoviridae . The present invention establishes a 
practical, novel, envelope gene-deficient vector system based on a 
negative-strand RNA virus for the first time. The achievement in 
recovering infectious deficient virus particles from F gene-deficient, 
FHN gene-deficient genomic cDNA using helper cells, paved the way 
for the research and development of novel vectors for gene therapy, 
taking advantage of the excellent characteristics of the Sendai virus . 
The deficient type Sendai virus vector in the present invention is 
capable of introducing a gene into various cell types with an extremely 
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high efficiency and expressing the exogenous gene at a phenomenally 
high level. Furthermore, the vector is expressed in infected cells 
persistently, and is a highly safe vector that completely lacks the 
capability to cause virus propagation, since it does not release 
secondary infectious virus particles. 
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CLAIMS 

1. A virus vector of Paramyxoviridae comprising a complex comprising 
(a) a paramyxovirus-derived negative-strand single-stranded RNA 
modified not to express at least one envelope protein of viruses 
belonging to Paramyxoviridae, and (b) a protein that binds to said 
negative-strand single-stranded RNA. 

2. The vector according to claim 1, wherein the negative-strand 
single-stranded RNA expresses NP protein, P protein, and L protein, 
and is modified not to express F protein and/or HN protein. 

3. The vector according to claim 1 or 2, comprising at least one of 
the envelope proteins whose expression was suppressed in the modified 
negative-strand single-stranded RNA. 

4. A vector according to any one of claims 1 to 3, comprising VSV-G 
protein . 

5. A vector according to any one of claims 1 to 4, wherein the 
negative-strand single-stranded RNA is derived from Sendai virus. 

6. A vector according to any one of claims 1 to 5, wherein the 
negative-strand single-stranded RNA further encodes an exogenous 
gene . 

7. A DNA encoding negative-strand single-stranded RNA comprised in 
a vector according to any one of claims 1 to 6, or the complementary 
strand thereof. 

8. A method for producing a vector according to any one of claims 
1 to 6, comprising the following steps of: 

(a) expressing vector DNA encoding a paramyxovirus-derived 
negative-strand single-stranded RNA modified not to express at least 
one envelope protein of Paramyxoviridae viruses, or the complementary 
strand, by introducing into cells expressing the envelope protein, 

(b) culturing said cells, and, 

(c) recovering the virus particles from the culture supernatant. 

9. A method for producing a vector according to any one of claims 
1 to 6, comprising the steps of, 

(a) introducing, a complex comprising a paramyxovirus-derived 
negative-strand single-stranded RNA modified not to express at least 
one envelope protein of Paramyxoviridae viruses , and a protein binding 
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to said negative-strand single-stranded RNA, into cells expressing 
said envelope protein, 

(b) culturing said cells, and, 

(c) recovering virus particles from the culture supernatant. 

10. The method according to claim 8 or 9, wherein the cell culture 
in (b) is a co-culture with cells expressing envelope proteins. 

11. The method according to claim 8 or 9, wherein cells expressing 
envelope proteins are overlaid to said cells in cell culture in (b) . 

12. A method according to any one of claims 8 to 11, wherein at least 
one envelope protein expressed by cells is identical to at least one 
envelope protein whose expression is suppressed in the 
negative-strand single-stranded RNA described above. 

13. A method according to any one of claims 8 to 12, wherein at least 
one envelope protein expressed by the cells is VSV-G protein. 
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ABSTRACT 



F gene-deficient virus virions are successfully recovered by 
using an F gene-deficient Sendai virus genomic cDNA. Further , F 
gene-deficient infectious viral particles are successfully 
constructed by using F-expressing cells as helper cells . Also, F gene 
and HN gene-deficient virus virions are successfully recovered by 
using a virus genomic cDNA deficient in both F gene and HN gene. 
Further, F gene and HN gene-deficient infectious viral particles are 
successfully produced by using F- and HN-expressing cells as helper 
cells. A virus deficient in F gene and HN gene and having F protein 
is constructed by using F-expressing cells as helper cells. Further, 
a VSV-G pseudo type virus is successfully constructed by using 
VSV-G-expressing cells. Techniques for constructing these deficient 
viruses contribute to the development of vectors of Paramyxoviridae 
usable in gene therapy. 



